1 | 


A PUBLICATION OF THE AMERICAN |ROCKET SOCIETY 
SEPTEMBER 1961 | 


COMPLETE 12TH 
IAF CONGRESS PROGRAM 


99 
| 


CENTRAL DATA PROCESSOR 
for AIR TRAFFIC CONTROL 


Today, at a peak traffic hour, approximately 200 aircraft flew over the New York area. Each year this 
number will increase. Yet, the Federal Aviation Agency will continue to assure safe and efficient control of 
air traffic. One reason... a data processor developed for the FAA by Librascope to quickly and accurately 
handle the routine clerical tasks now occupying most of the controller’s time. The first 18-unit data 
processor will be installed at Boston in 1962. A note to Librascope outlining your control problems will 
bring a prompt answer from the country’s most versatile manufacturer of computer control systems. 
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‘complete capability in advanced pong: for 


“The ot Aerojet. otters 


‘space missions, including: 


nuclear turbo-electric systems 
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* solar dynamic and static systems 


* cryogenic dynamic systems - 


¢ advanced electrical and support equipment 
Aerojet's nuclear SNAP-8 Electric Generating System for 
NASA converts reactor thermal energy to electrical energy 
for spacecraft, providing power for electrical propulsion, 
and scientific or military operations. 


POWER/EQUIPMENT DIVISION 


Azusa, California é 


Engineers, scientists— investigate outstanding opportunities at Aerojet 
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Beneath a field like this... 


is a complex communications center 


In minutes, an enemy attack could 
level some of our sprawling cities. 


Because of this, the Bell System is 
now supplementing its great reaches of 
buried cable with a network of under- 
ground communications stations. 


Under the protection of a thick earth 
and concrete cover, and away from 
major target areas, several Bell System 
communications centers are already in 


operation. Many more are to come. 


The walls for these installations are 
huge. reinforced concrete slabs. Venti- 
lation systems filter air so fine that 
even radioactive fallout cannot enter. 
Food and water are stockpiled. Living 
quarters are provided for all operating 
personnel. 

These buildings are costly. Tough 
to build. 

Yet, the Bell System recognizes that 
communications are the lifelines of our 


BELL TELEPHONE SYSTEM 


defense systems. And so we took the 
lead in establishing these underground 
centers with our own money. 


There are many other ingenious 
projects in our “Survivability” pro- 
gram for America’s communications. 
Many cannot be mentioned here. 


Because of them, ambitious com- 
mand, control and defense systems are 
feasible. And our vast existing net- 
work is available for further tailor- 
made defense communications. 
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Astro notes 


MAN IN SPACE 


® With machine-like precision, the 
Russians executed their second 
spectacular manned space shot. 
Maj. German Stepanovich Titov, 26, 
carried out 17-plus circuits of the 
globe in an orbit virtually identical 
to the single orbit of his predeces- 
sor, Maj. Yuri Gagarin. Launched 
at 9 A.M. (Moscow time) on Aug. 
6, Titov’s two-stage booster in- 
jected his 10,430-lb Vostok II into 
88.6-min orbit with an apogee of 
159 mi., a perigee of 111 mi and an 
orbital inclination of just under 65 
deg. Titov returned to the earth 
25 hr and 18 min after his launch- 
ing, evidently in excellent physical 
condition despite his prolonged 
period of weightlessness. 


Titov, who called himself 
“Eagle,” broadcast greetings to all 
the continents as they rolled be- 
neath him. His program included 
manual control of his craft in space, 
calisthenics, observations through 
five-power optical instrument, 
more than 8 hr of sleep and several 
meals. His landing site was said 
to be “near” that of Gagarin, al- 
though calculations indicate it was 
at least 150 mi. to the east. Titov 
ejected himself from Vostok II after 
re-entry and made a safe landing by 
personal parachute in a ploughed 
field, the spacecraft landing nearby 
on its own parachute. 


© Somewhat short of perfection was 
the 16-min., 303-mi. flight of Capt. 
Virgil Ivan Grissom, 35, the second 
U.S. astronaut to ride into space 
aboard the Redstone rocket. Gris- 
som’s flight on July 21 was a carbon 
copy of Comdr. Alan Shepard’s 
to the landing, but seconds _be- 
fore a Navy helicopter was to at- 
tach its cable to the capsule and 
raise it partly from the water to 


allow Grissom to emerge, the side 
hatch blew away. Grissom hurled 
himself out as the capsule was 
Hooding. The capsule, Liberty Bell 
7, sank in 17,000 ft of ocean, and 
Grissom himself was plucked from 
the water only moments before his 
spacesuit flooded with water 
through an open air hose connec- 
tion. 


¢ The Navy was roundly criticized 
for failing to provide the more 
powerful twin-engine HR2S Sikor- 
sky helicopter for the capsule re- 
covery mission instead of the 
smaller HUS-1. The sailors’ in- 
dignantly replied that the astro- 
nauts themselves had specified use 
of the latter machine, with _ its 
downwind of 40 knots, in place ot 
the larger helicopter with 85 knots 
downwind. They suggested the 
real problem was the hatch, but 
McDonnell and NASA engineers 
were unable to pinpoint the cause 
of the hatch explosion. The 70 
explosive bolts of the hatch were 
fired by a primacord train activated 
by a percussion cap insensitive to 
heat, accidental vibration or radio 
frequency energy. And Grissom 
staunchly maintains he did not 
brush against the detonator plunger 
after removing the safety pin. 


©® Winding up 27 yr in the AF last 
month was Brig. Gen. Don Flick- 
inger, chief adviser bioastro- 
nautics for the Air Force Systems 
Command. It was “Flick” who 
spearheaded a strong USAF project 
for a manned space capsule in 
1958. This involved a two-ton cap- 
sule to be orbited by the Atlas- 
Agena-A by early 1960. Desig- 
nated MISS (man _ in_ space 
soonest), it was to be followed in 
the 1961-63 period by MISSOPH 
(man in space sophisticated). The 
latter involved a 6000-Ib capsule 


to be launched by Atlas-Agena-B 
and a 9000-Ib capsule to be or- 
bited by Atlas-Centaur. When the 
manned space mission was assigned 
to NASA, Flick’s two-ton capsule 
proved to be too large for the Atlas 
booster alone and NASA designed 
its own Mercury system. Although 
the target dates assigned to MISS 
and MISSOPH appear quite opti- 
mistic in retrospect, it is apparent 
that these systems would have of- 
fered considerably greater growth 
capability than the 2500-lb Mer- 
cury. Furthermore, assignment of 
this mission to NASA gradually 
extinguished AF interest in Gen. 
Flickinger’s ambitious bioastronau- 
tics program, which called for a 
total of eight animal shots. As of 
this moment, the U.S. has not even 
recovered an organism as complex 
as a bug from orbit. 


¢ Houston, Tex., appeared to have 
the inside track as the site for 
NASA’s proposed $60 million Space 
Flight Laboratory. Although 
powerful pressure was being put on 
NASA by Florida, California, Colo- 
rado, and Virginia (Hampton is the 
present site of the Space Task 
Group in charge of the Mercury 
project), the Houston area was 
mentioned most prominently. It 
was not deemed coincidental that 
this was the district of Rep. Al- 
bert Thomas (D., Tex.), Chairman 
of the House Independent Officers 
Appropriations Subcommittee. 


¢ NASA invited 12 U.S. companies 
to submit proposals by Oct. 9 for 
development of the Apollo lunar 
spacecraft system. Companies in- 
vited to participate were Boeing, 
Chance-Vought, General Dynamics, 
Douglas, GE, Goodyear Aircraft, 
Grumman, Lockheed, Martin, Mc- 
Donnell, North American, and Re- 
public. The design calls for a jet- 


Performance 
Date 


Type of flight 

Altitude (mi) 

Distance (mi) 

Flight time 

Top speed (mph) 
Vehicle name 

Period of weightlessness 
Weight of craft (Ib) 


Box Score on Manned Space Flig 


Gagarin Shepard 
April 12 May 5 
Earth orbit Suborbital 
203 115.696 
25,000 302 

108 min 15 min 
17,400 5100 
Vostok | Freedom 7 
89.1 min 5 min 
10,395 4031.7 


4 Astronautics / September 1961 


Grissom Titov 

July 21 Aug. 6 

Suborbital Earth orbit | 
118 159 | 
303 435,000 

16 min 25 hr 18 min 
5280 17,750 
Liberty Bell 7 Vostok Il | 
5 min 241/> hr (est.) | 
4040 10,430 


| 
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With the successful launching of TIROS III, meteor- 
ologists for the first time will see the total cloud formations 
and measure the radiative energy balance of hurricanes 
which plague the eastern coast of North and Central 
America each year. For TIROS III was launched at this 
time for precisely this purpose. From information gained 
from TIROS III, meteorologists may learn much more 
about the birth and life cycle of tropical storms. 


TIROS DESIGN 

Although the spacecraft configuration is essentially the 
same as the previous two highly reliable TIROS satellites, 
TIROS III has two wide-angle cameras and the National 
Aeronautics and Space Administration has placed new 
omnidirectional IR sensors aboard to measure thermal 
radiation from the earth and sun. 


THIRD OF A FAMOUS FAMILY 

TIROS III is the third of a highly successful series of 
experimental weather satellites which were developed, 
along with the associated ground equipment, for the 
NASA, under contract with the Goddard Space Flight 
Center, by RCA’s Space Center. All of them have 
established “‘firsts” in the United States’ space program. 


TIROS II established a longevity record for a complex 
satellite. Still operating after nearly eight months and 
over 3300 orbits, TIROS II has transmitted over 34,000 
photographs to the ground. Aside from its impressive 
meteorological achievement, historians may well point to 
this long-term performance as the first to prove that a 
satellite system could operate reliably for so many months 
in a space environment thus proving the feasibility of 
operational satellites. 


oughly precisely integra e 
and must tk 


TIROS I was the first satellite, carrying advanced tele- 
vision equipment, which sent photographs of the earth’s 
cloud cover to meteorologists. From TIROS I’s 23,000 
photographs, meteorologists found that satellites could 
be used for weather observation and analysis. The pic- 
torial information is particularly useful in the two-thirds 
of the world from which few or no weather observations 
are now available. 


CONNOTATIONS FOR THE FUTURE 


The TIROS series has proved beyond a doubt that the 
peaceful uses of space will benefit all mankind. Six nations 
participated in the utilization of information from 
TIROS II and more will take advantage of TIROS III. 
RCA is also already at work on the camera systems and 
space power supply for NIMBUS, the next generation of 
meteorological satellites. 


If you are a professional physicist, engineer, or mathema- 
tician and interested in participating in such challenging 
projects and stimulating team efforts, contact the Em- 
ployment Manager, RCA Astro-Electronics Division, 
Defense Electronic Products, Princeton, N. J. All quali- 
fied applicants are considered regardless of race, creed, 
color or national origin. 


The Most Trusted Name in Electronics 
RADIO CORPORATION OF AMERICA 
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J. 2 | ‘cross-section of the 40 subsystems 
_ incorporating 3500 electronic parts 


tisonable escape tower like that 
used on the Mercury capsule and 
aerodynamic tabs on the Apollo to 
provide some directional control 
during re-entry. The specifications 
called for a living compartment 
measuring 13-15 ft in diam and 12 
ft high. The initial Apollo-A space- 
craft is limited to a weight of 10 
tons, the maximum payload ca- 
pability of the Saturn C-1. The 
Apollo-B lunar orbiting capsule will 
use the 3-million-lb-thrust Saturn 
C-3, while the Apollo-C lunar-land- 
ing system will require a Nova-class 
rocket using either solid or liquid 
propellants. 


® Guidance and navigation system 
of the Apollo spacecraft is to be 
developed by MIT under a $4 
million NASA contract now being 
negotiated. MIT has been working 
on a study of the Apollo guidance 
system for seven months, NASA 
said. Under the contract with the 
Space Task Group, it will design 
and develop Apollo guidance with 
production responsibility to be as- 
signed to an industrial concern. 


PROPULSION 


© With AF design contracts for the 
solid version of the Nova booster 
close at hand, the battle of the 
static tests picked up in vigor. Aero- 
jet announced the successful firing 
of a three-segment 55-ton solid 
motor at a thrust rating of almost 
500,000 Ib. Soon after, United 
Technology announced an 80-sec 
test of a conical three-segment 
motor containing almost 40 tons of 
propellant at a thrust rating of 
250,000 Ib. The AF target is a 
375-ton segmented solid with a 
thrust of 2-3 million Ib which may 
be arranged in a cluster to produce 
as much as 25 million lb takeoff 
thrust. 


e NASA and AEC negotiated a 
$6.3 million contract for the initial 
phase of the Rover nuclear rocket 
development program with Aero- 
jet. The first phase of work will 
involve preliminary development of 
the Nerva engine, conduct of reac- 
tor tests with AEC, assistance in the 
design of test facilities, R&D on the 
engine pumping system, control 
system, nozzle, bearings and seals, 
and mechanical testing of core com- 
ponents. Nuclear portions of the 
Nerva job will be conducted by 
Westinghouse under subcontract to 
Aerojet. 


e An idle ordnance plant at Mi- 
chaud, La., is a hot prospect to be- 
come the manufacturing site for 
the Saturn C-1 booster. NASA was 
scheduled to hold a bidder’s con- 
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ference last month for the S-1 eight- 
engine Saturn cluster, which must 
be moved out of Huntsville to make 
room for the Nova hardware proj- 
ect. Michaud, near New Orleans, 
might also win manufacturing as- 
signments for the Saturn C-3 (us- 
ing two F-1 engines totaling 3 mil- 
lion Ib of thrust) and the Nova 
booster. Powerful backers of Mi- 
chaud for the Saturn assembly job 
are Rep. Overton Brooks, Chairman 
of the Science and Astronautics 
Committee, and Rep. F. Edward 
Hebert, Chairman of the Armed 
Services Investigating Subcommit- 
tee. 


NASA selected RCA’s Astro- 
Electronics Div. to design, build, 
and test seven ion engine capsules, 
three for ground tests and four for 
actual flight tests. Initial flight is 
scheduled late in 1962 aboard a 
Scout rocket. A Hughes cesium- 
ion engine and a NASA mercury- 
ion engine will be carried in this 
flight. They will operate for ap- 
proximately 1 hr of ballistic flight 
at power levels of 1-2 kw. 


® United Technology reported suc- 
cessful tests of a thrust vector sys- 
tem for a large solid-propellant 
rocket motor utilizing the principle 
of liquid injection into the rocket 
nozzle under command of the guid- 
ance system. The fluid (which was 
not identified) causes the exhaust 
gases to change directions as long 
as it is forced into the nozzle. 


Rocketdyne conducted a series 
of thrust build-up tests for the 1.5- 
million-Ib-thrust F-1 engine at Ed- 
wards AFB, Calif. Eventual goal 
of the complete engine is 2.5-min 
firing time. As many as eight F-1 
engines might be clustered to pro- 
vide a Nova booster for the lunar- 
landing program in the event NASA 
decides to go the liquid route in 
designing the rocket vehicle. 


¢ Initial test flight of the Saturn 
S-1 stage with two dummy upper 
stages is scheduled at Cape Canav- 
eral in October. The booster and 
a dummy upper stage were hauled 
to Cape Canaveral aboard a con- 
verted Navy barge called Compro- 
mise which picked up the cargo on 
the downstream side of Wheeler 
Dam. (A lock collapse trapped the 
original barge Palaemon on the up- 
stream side of the lock.) 


e Atlas-Centaur was scheduled for 
its first flight test in November. It 
will be a ballistic shot, with the 
Centaur engines driving the second 
stage back into the atmosphere. 


. 


SPACE TECHNOLOGY 


¢ Bendix Corp., Ann Arbor, Mich., 
was awarded an $8 million contract 
to develop a rocketborne communi- 
cation system capable of transmit- 
ting emergency commands to out- 
lying AF bases and _ airborne 
bombers. Based on earlier research 
conducted by the WADC and 
Hughes Aircraft, the rocketborne 
system will be designed to transmit 
signals in the microwave portions 
of the spectrum which will be rel-, 
atively unaffected by large-scale 
ionization from nuclear weapons. 
The Argus atomic tests over the 
South Atlantic in 1958 demon- 
strated that high-frequency chan- 
nels might be wiped out for pro- 
longed periods as a result of bomb 
effects at high altitude. The Ben- 
dix system, designated 480L, will 
assure that SAC receive attack 
orders despite loss of normal com- 
munication channels. 


e NASA may re-schedule a Mariner 
“flyby” of Mars to 1962 as a result 
of increased funding for JPL. 
NASA originally planned only a 
Venus attempt for the 1150-Ib Mar- 
iner in 1962, but increased funds 
may also permit a Mars shot next 
year. The chief factor in a 1962 
Mars attempt is the availability of 
the Centaur booster, which has not 
yet had its initial test flight. 


Hoffman Electronics reported 
development of a solar cell 15% 
more efficient than older types by 
virtue of its greater sensitivity in 
the blue region of the optical spec- 
trum. The company said the new 
cell will deliver as much as 10 w 
per square foot compared with 8.5 
w for conventional cells. Hoffman 
credited the advance to the devel- 
opment of a solar space simulator 
which mingles light from a xenon 
tube with that from a tungsten lamp 
to approximate solar radiation. 


© The Applied Physics Lab of Johns 
Hopkins has developed a circuit 
tester so sensitive that it can test 
explosive circuits without danger of 
triggering them. The APL device 
consists of two small incandescent 
electric lights which shine on a 
silicon cell; current from the latter 
would have to be 300 times more 
powerful to set off explosive cir- 
cuits. The device has been used 
successfully in checkouts of Polaris 
weapons assigned to the USS 
George Washington. 


e Atlantic Research has received 
new ‘orders for sounding rockets. 
ONR gave ARC a $900,000 con- 
tract to manufacture Arcas, a solid 
rocket capable of carrying 12 Ib 


c 
. 


JET TEST BOAT. Bocing jet-powered research hydroplane, 
capable of speeds up to 100 knots, is newest addition to Boeing 
equipment devoted to advancing man’s knowledge. Aqua-Jet will 
be used to test experimental hydrofoil designs. Test model is 


suspended between prows from structure which controls action 
of model being pushed through water. These hydrodynamic design 
studies are typical of expanding Boeing efforts in marine field, 
which include building a hydrofoil patrol craft for U.S. Navy. 


Capability has many faces at Boeing 


CARGO-JET. Boeing C-135 cargo-jet, first of 
30 ordered by the Military Air Transport Serv- 
ice, has already been delivered. These 30 C-135s 
will provide MATS with work capability equiva- 
lent to 100 propeller-driven transports. 


SUPERSONIC transport model being tested 
in Boeing wind tunnel. Boeing is investing sub- 
stantial sums in supersonic transport research. 
Future skyliners would be able to fy from New 
York to London in less than three hours. 


SPACE GLIDER. Drawing of Dyna-Soar, U.S. 
Air Force manned space glider designed to rock- 
et into space, then re-enter earth’s atmosphere 
for conventional pilot-controlled landing. Dyna- 
Soar is being developed by U.S. Air Force in 
cooperation with NASA, with Boeing as prime 
contractor for both the system and the glider. 
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to 40 mi. and lighter loads to 60 
mi. ARC also received a contract to 
build four Iris rockets for the AF 
by Jan. 1962. A 20-ft rocket, Iris 
will be capable of lifting 100 Ib to 
200-mi. altitude. 


® NASA’s Goddard Space Flight 
Center gave Minneapolis-Honey- 
well a design contract for a new 
Space Environment Facility at 
Greenbelt, Md., to be used for 
tests of large spacecraft like the 
Orbiting Geophysical Observatory 
and the Orbiting Astronomical Ob- 
servatory. The facility will include 
a dynamic test chamber for balanc- 
ing, spinup, solar-paddle erection, 
and other mechanical operations in 
vacuum conditions, and a space en- 
vironment simulator with a multi- 
stage pumping system to achieve 
hard vacuums and a temperature 
control system to achieve the in- 
tense direct heat of solar radiation. 
Both chambers are to be ready by 
Oct. 31, 1962. 


© Rocketdyne has invested almost 
$200,000 of its own funds in pre- 
liminary development of a new 
series of restartable, throttleable 
space engines with applications 
ranging from attitude control of 
satellites to final stage propulsion 
of lunar-landing vehicles. Rocket- 
dyne has demonstrated a small en- 
gine with a thrust variable from 
0.1 to 500 lb. Designated SE-1, it 
uses nitrogen tetroxide and hydra- 
zine propellants and features a radi- 
ation-cooled nozzle. The SE-2 is 
to have thrust ranging from 10 to 
10,000 Ib, and the SE-3, 5000 to 
30,000 Ib. Such auxiliary control 
rockets are expected to play a major 
role in AF plans for maneuverable 
space vehicles, including  Saint- 
type anti-satellite systems as well as 
evasion countermeasures in U.S. 
obervation satellites of the Midas 
and Samos types. 


COMMUNICATION SATELLITES 


© President Kennedy acted on July 
24 to set guidelines for commercial 
development of communications 
satellites by private enterprise. 
Following this declaration of na- 
tional purpose in the communica- 
tions field, action was swift. The 
FCC issued a Memorandum Opin- 
ion implementing the President’s 
policy statement, and, within a 
week, NASA had signed a con- 
tract with AT&T to launch at least 
two of that company’s experimental 
active communications _ satellites 
during 1962, with launching costs 
to be paid by AT&T. 


e All technical information devel- 
oped by the AT&T experimental 
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satellites will be made available not 
only to NASA, but also to other 
members of the joint venture of in- 
ternational communications com- 
mon carriers which will operate the 
U.S. end of the worldwide network. 


© Beginning next April, AT&T will 
conduct at its own expense experi- 
ments with active communications 
satellites which will test the life 
expectancy of electronic equipment 
in space. Communications agencies 
abroad will cooperate in those ex- 
periments and will pay for neces- 
sary ground stations and equip- 
ment. 


e After the experimental phase is 
complete, a full commercial sys- 
tem should be established, that 
would be owned and operated by 
all interested U.S. international 
communications common carriers, 
under government regulation, in 
partnership with the international 
communications agencies of foreign 
governments. All present and fu- 
ture U.S. international common car- 
riers would be free to use the sys- 
tem to provide services authorized 


by the FCC. 


© Equipment for the system would 
be obtained on a competitive basis 
from the aerospace equipment 
companies and other suppliers. 
Rockets and launching services also 
would come from private sup- 
pliers, under appropriate arrange- 
ments with the government. 


e After winning White House 
blessing of private operation of the 
communication satellite system and 
receiving a go-ahead from the FCC 
for the development of a joint- 
venture arrangement limited to in- 
ternational common carriers, AT&T 
quickly found itself faced with some 
major stumbling blocks. Lee Loev- 
inger, assistant attorney-general for 
anti-trust activities, said the Justice 
Dept. was considering action to 
force AT&T to relinquish its over- 
seas business. If this plan were 
carried out, it would prevent AT&T 
from participating in the joint ven- 
ture and would probably force ex- 
pansion of the joint-venture plan to 
include equipment manufacturers, 
such as GE, who want to share in 
ownership of the system. 


¢ The patent situation in the active 
communication satellite field has 
become a tangled jungle of sharply 
conflicting arrangements. At one 
end of the spectrum is AT&T, which 
had to yield to NASA all of its 
rights in inventions made as part of 
its company-financed program to 
orbit two repeater satellites. Not 


only did AT&T give up all inven- 
tions growing directly out of its 
own satellite program, but it also 
gave NASA a license to all patents 
obtained independently by the Bell 
systems on inventions calculated to 
advance the art of satellite com- 
munications. By contrast, Bendix 
and GE, which are developing the 
Advent synchronous equatorial re- 
lay satellite for the Army, retain 
title to all inventions they accumu- 
late in the course of their govern- 
ment-financed work. Somewhere 
in between is RCA, which is de- 
veloping the Relay system for 
NASA. All inventions made in the 
course of its work on Relay belong 
to NASA, but this does not include 
communication satellite inventions 
made independently. 


e Although superficially similar, the 
AT&T and RCA repeater satellites 
differ considerably in design philos- 
ophy. The RCA Relay is the more 
conservative of the two. Equipped 
with two transponders and a travel- 
ing wave tube of 10-w output, it 
will receive ground signals on 1725 
mc and re-radiate at 4170 me. The 
AT&T satellite will have a single 
transponder and a 3-w_ traveling 
wave tube to receive ground sig- 
nals on 6390 mec and transmit at 
4170 mc. Both satellites will be 
launched by Thor-Delta rockets, 
with the Relay achieving a some- 
what larger orbit (900-mi. perigee, 
3000-mi apogee) by virtue of its 
lighter weight, 100 Ib against 125 Ib 
for the Bell satellite. 


® The U.S. has decided to push 
ahead with Project West Ford de- 
spite objections by some radio and 
optical astronomers that the project 
might interfere with their observa- 
tions. Purpose of West Ford is to 
study the radio relay possibilities of 
approximately 350 million hair-like 
copper dipoles distributed into an 
orbital belt at approximately 2000- 
mi. altitude. In a policy statement, 
the U.S. promised that it would not 
place additional dipoles in orbit 
until after a thorough evaluation of 
West Ford’s effects. The experi- 
ment was proposed by W. E. Mor- 
row and D. C. MacLellan of the 
Lincoln Laboratory of MIT, who 
plan to use only 75 Ib of dipoles for 
their initial studies at 8000 mc. 
Operational belts might require sev- 
eral tons of dipoles in a polar orbit 
at 3000 to 4000 mi.-altitude. 


e NASA is negotiating a $4 million 
contract with Hughes Aircraft to 
develop an experimental narrow- 
band communications satellite to 
be placed in a 22,300-mi. equa- 
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NEW DEFENSE MARKETING TOOL 


Unlock your firm’s full sales potential by knowing WHEN a 
specific company has a demand for your specific product. In- 
sure yourself of the maximum opportunity to increase sales, 


Now you can actually follow the daily changing defense industry 
market. You can know which of the many companies compris- 
ing your market are ready to buy because they have the money 
to buy and the requirement for your product. 


The DEFENSE SALES DIRECTOR is designed to give you 


tunities—and it is tailor-made to your specific selling require- 
ments. Gathering full information about your ever-changing 
market is always costly, often impossible. It means night work 
for you, many trade reports to read, and frequent blind and 
unproductive calls by your salesmen. The DEFENSE SALES 
DIRECTOR supplies in one service your intelligence require- 
ments. And the information is supplied at the Time you need 
it—the time your selling opportunities exist. If it is important 
that you have this type of information, the DEFENSE SALES 


DIRECTOR is important to your sales effort. 


Infrared detection [775761 _| 


eqpt. for Midas Satellites 


complete and timely information on your specific selling oppor- 


Infrared [7/9/61 __! Electronics Corp. of Americd Lockheed Aircraft Co. 
detection eqpt. for One Memorial Drive Missile Systems Div. 
Midas Satellites Cambridge, Mass. P.O. 504 


unnyvale Cali forni 
CONTRACT DESCRIPTION RECEIVING CONTRACTOR anpunnyvale &e Qt 


CONTRAGT DESCRIPTION 


Memorial Drive arni ng and ICONTRACT SIZE $2,000,000 
Cambridge, Mass.  Checronr sy reat Detection 
RECEIVING CONTRACTOR TELETYPE Back NAME CONTRACT PHASE Production 


ockheed A/C Co. 1 OTHER INFORMATION 
Sunnyvale 2, Calif. This i is a letter contract award announced 7/5/61 expanding FCA's participation 
SEAT OF ! in the MIDAS satellite program. Purchasing agent is Herbert Prebble. The 

| Lockheed Prime contract was awarded by the Air Force Ballistic Missile Division of 
Vandenberg AFB. 


Or On Ore Os Om < ; 
FROST & SULLIVAN, INC. 


THIS REPORT HAS BEEN ISSUED TO SUBSCRIBERS OF THE 
DEFENSE SALES DIRECTOR 
TO BE USED ONLY BY THEM AND IS NOT TO 8E REPRODUCED. 


NEW YORK 38, N.Y. 
7 ANY OTHER USE WILL BE PROSECUTED 


FOLLOW-UP STUB BE 3-1080 


DEFENSE SALES DIRECTOR! 


HERE'S HOW THE DEFENSE SALES DIRECTOR 


HERE’S HOW THE DEFENSE SALES DIRECTOR 


WORKS: HELPS YOU: 

The entire defense industry is divided into 180 system and 1. Pinpoints, on a continuing basis, your read-to-buy 
product categories. Through an extensive intelligence- prospects—gives you maximum opportunity for 
gathering network plugged into a data processing facility, lie 

the DEFENSE SALES DIRECTOR supplies you with the ‘ 

complete information on who gets each system award. So 2. Insures complete sales intelligence about your 


you can rifle your sales effort to get the profitable sub- specific market—broken down award by award. 
contract and component business. 


3. Furnishes, in one tailor-made service, the opportuni- 


You receive bi-weekly a card with follow-up stub similar to : 
ties open to your firm. 


the one illustrated. You receive a card on each prime and 
significant sub-contract over $50,000 in each system or 4 
product category that comprises your specific market. The 
cards are designed so you can refer them directly to your 
field sales people indicating the action you desire. No 
memos or letters necessary. And you have all the pertinent 
information on the control stub. The reverse of the card 
is for comment when the card is returned. 


. Reduces your sales lead screening time from hours 
to minutes—eliminates unproductive sales—intelli- 
gence gathering. 


5. Provides a remarkably simple sales-control and 


follow-up system. 


The cost? Just $10 annually for national coverage of each 6. Focuses your selling effort on what counts—sales. 
defense system category. 


FROST & SULLIVAN, INC., Dept. 83, 170 Broadway, N.Y. 38, N.Y. 
Please send me full information on the DEFENSE SALES DIRECTOR 


CLIP AND MAIL THIS COUPON FOR FULL INFORMATION. 


DEFENSE DATA DIVISION 
170 BROADWAY, NEW YORK 38, N.Y. 


Company 


Address .... 
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torial orbit late in 1962. Called 
Syncom, the 50-lb package would 
be able to relay telephone and tele- 
graph transmissions between the 
U.S. and Europe, but it could not 
manage television. Unlike precise 
station-keeping satellites like the 
Army’s 1500-lb Advent, Syncom 
would describe a “figure eight” pat- 
tern extending 33 deg north and 
south of the equator, but confined 
to about 75 deg west longitude. 
Syncom would pick up ground sig- 
nals at 8000 mc and relay them 
earthward at 2000 mc. 


SATELLITES 


e The Russians blasted both the 
Tiros III meteorological satellite 
and the Midas III early-warning 
satellite as acts of espionage and 
aggression. “A spy is a spy no 
matter at what height it flies,” de- 
clared Red Star, which compared 
the satellites to the U-2 reconnais- 
sance aircraft. Adminis- 
trator James Webb came to the 
defense of Tiros, which he insisted 
had no surveillance capability. AF 
maintained a stern silence on Midas 
III. With the publication of the 
satellite’s orbital parameters, how- 
ever, it appeared likely that the Rus- 
sians might find Midas particularly 
galling. It was placed into a cir- 
cular retrograde orbit at 2100-mi. 
altitude with a period of 161.5 min, 
so that it completed almost exactly 
nine circuits of the earth each day. 
One of the properties of this orbit is 
that it brings the satellite over the 
Russians’ Tyura Tam launching site 
about dusk every evening (at least 
for the first several days), giving it 
a grandstand view of any Red 
activity. 


© One of the two wide-angle 
cameras in Tiros III failed inex- 
plicably and the other was passed 
into full-time service. The malfunc- 
tion occurred on the 170th orbit, 
after the camera had obtained 2020 
high quality pictures of the earth’s 
cloud cover. RCA engineers hoped 
that the firing of the first pair of 
spin-up rockets might shake loose 
any mechanical bug in the system, 
but the desired result did not come 
to pass. 


e After two successful recoveries of 
Discoverer capsules (XXV_ and 
XXVI), AF stubbed its toe twice in 
subsequent attempts with the re- 
search satellite system. Discoverer 
XXVII was destroyed by the Range 
Safety Officer when it veered off 
course, and XXVIII fell in the South 
Pacific when the Agena-B stage 
failed to achieve orbital velocity. 
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e NASA scheduled another attempt 
to launch Ranger I late last month. 
The 675-lb satellite was to be 
launched by an Atlas-Agena-B into 
a 58-day earth orbit with an apogee 
of 685,000 mi. and a perigee of 
37,000 mi. The first fully-oriented 
U.S. space probe, Ranger is the 
precursor of NASA’s first lunar hard 
landing, expected next year. A key 
part of the Ranger system is a logic 
unit containing 10 commands which 
are issued the satellite as a func- 
tion of elapsed time after launch. 
Its major scientific experiments in- 
clude radiation counters and de- 
tectors, a magnetism experiment 
and an ultraviolet telescope pre- 
pared by NRL to look for the earth’s 
hydrogen geocorona. 


BUDGET 


e Congress voted NASA $1,671 
million for fiscal 1962, a cut of 
about 6% in the agency’s request 
for a down payment on the U.S. 
lunar-landing program. The re- 
duced amount was voted by the ap- 
propriations committees of the two 
houses following authorization of 
the total NASA request, $1,784 
million, by the House and Senate 
space committees. Bulk of the re- 
duction, $75 million, was lopped 
from NASA’s research and devel- 
opment request, with $21 million 
cut from salaries arid expenses and 
$17 million from construction of 
new facilities. The agency was 
voted a total of $964 million for 
fiscal 1961. 


e The Pentagon won a_ record 
peace-time appropriation of $46,- 
662,556,000 for fiscal 1962, includ- 
ing the last minute $3,500,000,000 
asked by President John F. Ken- 
nedy to buttress U.S. limited war 
capabilities to- meet the Berlin 
crisis. The appropriation was 
$265,000,000 in excess of the Ad- 
ministration’s total funds request. 
It included $525,000,000 for con- 
tinued output of the B-52 and B-58 
bombers, and $180,000,000 to ac- 
celerate the B-70 (both resisted by 
the White House), but these in- 
creases were partially off-set by a 
2% slash in military procurement 
funds ordered across-the-board. 


R&D 


¢ Approximately $40 million has 
now been subcontracted by Air 
Force prime, the Boeing Co., to 
support the development of the Dy- 
nasoar manned space glider. The 
money—each contract worth at least 
$1 million—went to eight major con- 
cerns. Scores of second-tier sup- 
pliers throughout the country 


. 


say Boeing, plus hundreds of others 
indirectly involved, are expected to 
share in the Dynasoar business. 
The major subcontractors and their 
jobs: 

Chance Vought, Dallas, Tex.— 
ceramic nose cap. 

Electro-Mechanical Research, 
Inc., Sarasota, Fla.—test instrumen- 
tation subsystem, airborne ground 
equipment for receiving, displaying, 
recording, and processing data. 

Garrett AiResearch Mfg. Div., 
Los Angeles, Calif.—hydrogen-cool- 
ing system for environmental con- 
trol. 

M-H_ Aeronautical Div., Min- 
neapolis, Minn.—flight-control elec- 
tronics subsystem for automatic or 
manned commands. 

Sunstrand Corp., Denver, Col.— 
gaseous hydrogen and oxygen ac- 
cessory power unit, consisting of re- 
action chamber, prime mover, gear 
box, hydraulic pump, etc. 

Thiokol-Elkton, Md.—solid pro- 
pellant motor for escape during 
launch or acceleration after main- 
stage burnout. 

TRW, Cleveland, Ohio—reaction 
controls to stabilize glider. 

Westinghouse, Lima, Ohio—gen- 
erator and control unit for electrical 
power. 


e An 8-ft-diam space chamber 18 
ft long, instrumentation, and a 
closed-loop liquid-metal heat-trans- 
fer system that will operate at tem- 
peratures up to 1500 F will be 
built at NASA-Lewis for develop- 
ing space radiators and condensers. 
Pratt & Whitney’s Connecticut Air- 
craft and Nuclear Engine Lab 
(CANEL) will design and build 
the installation during the next year 
under a $589,000 contract . 
United Nuclear Corp. will also de- 
sign and build for Lewis a 1000-kw 
liquid-metal heat-transfer loop for 
studying potassium and sodium as 
turbogenerator working fluids at 
continuous operating temperatures 
up to 2200 F, conditions requiring 
use of refractories such as_ ni- 
obium... 


¢ Electro-Optical Systems will de- 
velop a solar thermionic converter 
weighing about 25 Ib and capable 
of serving as the main power source 
on Mariner-class space vehicles for 
NASA-JPL under a $318,303 con- 
tract. Designed to generate 135 w 
at 40% of the solar flux on the 
earth’s surface, the converter will 
employ a mirror about 5 ft in diam 
focused on an array of cesium-cell 
thermionic diodes in a cavity. A 
prototype is due in less than six 
months. 
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MINIATURIZED 


PRESSURE REGULATORS 


Grove Mity-Mite®. .. light, compact, accurate for 
reducing, relief and back pressure control. Grove 
Mity-Mite regulators are materially smaller than con- 
ventional regulators of comparable capacities. They are 
available for pressure reduction, combination reduc- 
tion and relief, and back pressure services. Mity-Mites 
utilize the same proven gas dome-loaded principle of 
Grove Powreactor® Regulators—a design that has set 
engineering standards for every pressure regulator 
used in aerospace today! Mity-Mites may be supplied 
in externally or internally loaded models in dural or 18-8 
(type 303) stainless, from %4” to 1”, with inlet pressures 
to 10,000# psi; outlet pressures to 6,000# psi. For 
complete engineering data, send for Bulletin #940-H. 


GROVE REGULATORS 


GROVE VALVE AND REGULATOR COMPANY 


a subsidiary of Walworth Oakland and Los Angeles, California 
Another Way Grove Sets Reguiator Standards for Others to Follow 
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OPENINGS For the reco rd 


for 


io C ey ENGINEERS The month’s news in review 


Rocket Design Engineer 


To work with Rocket Design Section Head on Tors avi 
July 5—Israel fires meteorological rocket, Shavit II, to 


ware of high performance rocket motors: inert 50-mi. altitude. 
components, nozzle configuration. B.S., M.S. 
in mechanical or aeronautical engineering with 


2-8 years’ applicable experience. —West Germany agrees to participate in the Eu- 


ropean Organization for Space Research. 
Junior Systems Engineer 

Cost estimate and scheduling for R&D and 
manufacturing projects; working closely with Jul 
responsible section heads; and responsibilities y 
include divisional budget control. B.S., me- 
chanical or industrial engineering, experience in 
project engineering estimating, and manufactur- 


7—Atlas-E is shot to record 9050-mi. 


—Discoverer XXVI launched into polar orbit, 


ing liaison. capsule snared in mid-air after re-entry. 
Development Project Engineer 

To assist in planning, coordinating, and gen- July 9—NSF study urges treble investment in educa- 
eral technical problems in product development. 
Must understand design, development, and test tion and research in universities to meet scien- 


procedures, and be able to analyze, plan, con- ‘en. 
duct, report, and coordinate tests. B.S. in tific needs of next decade. 


engineering or physics; 2-6 years’ experience. 


Staff Engineer July 10—Midas III fails to lift off pad. 


To assist in planning, coordinating of rocket 
hardware development; to assume technical 


July 12—AF launches Midas III and Tiros III into orbit. 


inclination, combined with ability to plan and 
conduct tests and experiments. B.S. engineer- 


siiasheiiaaiei July 13—Navy successfully fires Polaris over Atlantic 
Propellant Process range in test of new guidance system. 
Improvement Engineer 


Process improvement in solid propellant manu- . 
bectare and rocket motor assembly, scale init July 19—Senate-House conference committee approves 
operations design. chemical en- Wh 
full $1,784 million requested by President Ken 
nology. nedy for space budget for FY 1962. 
Quality Control Engineer ly 21 irgil ides M 

To work with Rocket Test Supervisor at solid July —Astronaut Virgil I. Grissom rides ercury 
propellant production, rocket assembly and capsule to 118-mi. altitude and 303 mi. out into 
testing facility. Inspection of raw materials, in- 3 
process and final articles, supervision of radio- Atlantic. Side hatch is prematurely blown off 


graphic laboratory. B.S., M.S. engineering or 
science, 2-5 years’ industrial quality control ex- 
perience, preferably in military or rocket field. 


“{ : —AF picks 50 test pilots as candidates for future 
Instrument Engineer military man-in-space missions. 


To maintain and develop instrumentation for 
firing bay measuring devices and propellant 


and capsule later sinks. 


pro . Must be famili ith 
July 22—Federation Aeronautique Internationale recog- 
ducers, strain gages, multiple-point tempera- nizes flight marks of Maj. Yuri aA. Gagarin and 
ture recorders, electronic process instrumenta- ° 
tion, etc. B.S. engineering with @ minimum of Comdr. Alan B. Shepard Jr. as follows: Gagarin: 
3 years’ practical instrumentation experience. Duration in orbital flight—108 min; apogee—203 
Stress Analyst mi.; greatest mass lifted in earth orbital flight 
To work with design and development staff —10,395 lb. Shepard: Altitude without earth 
of West Coest operation as stress analyst on de- orbit—115.696 mi.; greatest mass lifted without 
sign, development, fabrication, and testing of 
multi-stage sounding rockets and vehicle probe earth orbit—4031.7 Ib. 


programs. B.S. M.S. mechanical or aeronautical 
engineering; rocket systems experience pre- 
erred. 


July 24—Administration policy statement favors private 
U.S. citizenship required ownership and operation of a global communi- 


For Interviews at cation satellite network. 


ARS MEETING ; 
July 27—Minuteman successfully fired to about 5000 mi. 


October 9-15 
Joly 26~NASA ond ATAT sign pact under which AT&T 
Technical Personne] Recruitment will launch first privately owned communications 
satellite. 
: CORPORATION ceive N - contracts for preliminary 


work on a nuclear rocket engine. 
Alexandria, Virginia 


—NASA invites 12 industrial concerns to sub- 
An equal opportunity employer mit bids by Oct. 9 on Apollo spacecraft de- 
velopment. 
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How common salt led 


to an uncommon concept in communication: 


An unusual new device to increase 
radio reflectivity, now under devel- 
opment at Northrop’s Radioplane 
Division, may well revolutionize the 
field of space communications. Called 
ADSAT (for Anomalous Dispersion 
Spherical Array Target), it should 
extend the usefulness of passive 
communications satellites out to 
22,000 miles—the 24-hour orbit. 
The germ of the ADSAT idea actu- 
ally came from early X-ray diffrac- 
tion experiments with ordinary salt 
crystals which yielded a pattern of 
intense bright and dark spots. This 
hint of resonance with the crystal 


lattice led Northrop researchers to 
attempt to duplicate this effect at 
radio frequencies— and the first ver- 
sion of ADSAT looked much like a 
molecular model, with silver-coated 
ping-pong bails serving as “atoms.” 
The size of the balls and the inter- 
vals between them were carefully 
calculated to resonate with and rein- 
force the incoming frequencies. 

In its present, basic form, the 
ADSAT satellite is a collapsible, 
spherical network, 100 to 400 feet 
across, with the resonant balls at 
each intersection of the network. It 
is designed to be launched in a small 


package, and inflated in orbit, much 
like Echo. The reflected signal, how- 
ever, can be 1,000 times as strong as 
that obtained from a simple, Echo- 
type target of equal size. 

The development of the ADSAT 
concept demonstrates once again 
Northrop’s unique ability to visualize 
problems in space technology, de- 
cide what should be done, and come 
up with solid, workable answers. 


RADIOPLANE 


A DIVISION OF 


NORTHROP 
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Careers in astronautics 


By Irving Michelson, Jilinois Institute of Technology 


HE OPTICAL maser, or “laser,” has 

been widely hailed lately as one of 
the most important technical develop- 
ments of the past decade. Despite 
the fact that the first successful solid- 
state laser was announced less than 
one year ago, its value in the space 
sciences seems to have been im- 
mediately seized upon. Applications 
for long-range communications and 
detection systems are among the most 
obvious and several of these devel- 
opments are now reported to be 
underway. A sun-powered laser for 
jam-proof communication over im- 
mense distance is one of these, under 
study at American Optical’s research 
center under AF direction. In the 
propulsion field, too, high hopes are 
being pinned on the laser concept as 
a compact radiator for space engines. 

The laser has as big a place in pure 
physics as well, we are told, since it 
affords the possibility of performing 
experiments of great value in quantum 
electrodynamics. These relate to the 
study of the interactions of matter 
with extremely high light intensities. 
The key element in all of these laser 
developments has been explained as 
the production within a cavity of light 
which is not only very intense but also 
coherent. 

Physics and solid-state science, on 
the one hand, and applied techniques 
in areas such as communicaticns and 
propulsion on the other, thus appear 
to have much to gain by further ef- 
forts in the broad area of coherent 
collisions. Recent successes are a real 
tribute to such interdisciplinary en- 
deavors and indicate that scientists 
and engineers can find many inter- 
esting projects in this area. 


From Scotland comes word that 
astronomers are now planning to pho- 
tograph the stars with specially de- 
signed rocket-borne cameras. The 
first objective is to determine bright- 
ness in the ultra-violet wavelengths, 
and a camera has reportedly already 
been designed for this purpose. One 
of the major problems outstanding is 
rocket stabilization sufficient to permit 
the camera to be aimed properly. We 
strongly suspect that know-how on at- 
titude stabilization techniques already 
well developed in this country can be 
of immediate assistance to the Scottish 
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Space Research group, and hope that 
neither side has overlooked the pos- 
sibility here. 

Space vehicle designers and rocket 
builders here are also sure to recog- 
nize several important and attractive 
aspects of this development in astron- 
omy. If star photegraphy from 
rockets becomes standard astronomical 
technique, a standardized low-cost ve- 
hicle would be of great value, and 
reductions of payload costs will deter- 
mine the importance of attempting 
recovery of capsules containing. atti- 
tude control, photographic, and tele- 
metry packages. Since rocket tra- 
jectories for these purposes will be of 
small horizontal range, desert launch- 
ing sites can be considered, and these 
would also greatly simplify the re- 
covery problem. 

It is also good to hear that our 
astronomer friends are turning to 
tape and punched-card techniques for 
data handling and reduction, reducing 
tedium while greatly expediting ob- 
servation procedures. Star spectra 
are already being presented in photo- 
graphic recordings handled by auto- 
matic microphotometers with digital 
output. Thus it appears that the 
latest methods are by no means un- 
familiar at the observatories. 


On the engineering and _ scientific 
Manpower scene, some statistics of 
general interest have just been re- 
leased. These indicate that the num- 
ber of engineers in American industry 
is 615,000, while chemists number 
72,000 and physicists 15,000. Total 
scientific and technical personnel in all 
professional categories are estimated to 
number 870,000. Although this total 
continues to gro-w, the rate of increase 
has dropped materially in the last sev- 
eral years. It is believed that by 1964 
the rate of production of first-degree 
holding engineers will be at 34,000, 
which represents a drop of about 10% 
within five years. 

In contrast with this, NSF has re- 
ported that Communist Chinese pro- 
fessional manpower pools are being 
greatly expanded through massive ed- 
ucation and training programs. Seri- 
ous questions are raised about qual- 
itv, though the large numbers are 
certainly impressive. In Canada a 
survey of salaries in engineering and 


the sciences shows that engineers are 
now better paid than men in the 
natural sciences, by a factor of around 
9%. In this country again, engineers’ 
strongest attitude reactions have been 
found to relate to inadequate com- 
pany recognition of their achieve- 
ments. More than 80% are reported 
to feel that changing jobs leads to 
better professional opportunities and 
salaries. Also, nearly half (44%) of 
the 70,000 scientists and engineers at 
U.S. colleges and universities are en- 
gaged in R&D efforts, according to 
another survey recently completed. 


More and more frequently nowa- 
days we hear of astronautical develop- 
ments which have come of age, re- 
placing traditional techniques in  in- 
dustrial, commercial, and government 
activities. The communications satel- 
lite is one of these. The FCC has 
predicted the establishment of satel- 
lite communications on an_ experi- 
mental basis in 1963 and commercial 
operation the following year, includ- 
ing international transmission of tele- 
phone calls, of teiegraph and other 
printed messages, and “relay televi- 
sion.” 

The wealth of day-to-day opera- 
tional experience with satellites that 
this would provide is reminiscent of 
the immense benefits to general avia- 
tion a few decades ago, of early experi- 
ence with air-mail service. 

We are also impressed by the 
Weather statement that 
storm-spotting satellites of the Tiros 
series have fixed the location of tropi- 
cal storms more accurately than could 
be done by conventional means. 
Probably satellites will soon be stand- 
ard observation equipment in mete- 
orology, and more sophisticated mis- 
sions will be devised as more experi- 
ence is accumulated. For these satel- 
lites, as for communication satellites, 
miniaturization, reliability, and power 
will be of dominant importance. This 
makes us wonder if we will be seeing 
the same vehicles used for both com- 
munications and meteorological satel- 
lites. 


For specific career opportunities, see pages 1, 
5, 12, 20, 54, 57, 68, 68, 71, 72, 74, 75, 79, 81, 
84, and Fourth Cover. 


“Whither goest thou, and by what guidance?” Seaee 
spoke the great Persian astronomer, Nassir- =< Pees 
Eddin Al Tusi to Marco Polo, as the Venetian 
announced his adventure to the Far East in 
1271. The astronomer’s advice was simple 
and direct: “Knowest thou the stars.” jesse 
What better advice for today’s explorers? S=ssaseee 
What better guidance system than knowl-se 


edge itself, as we step off the earth’s edge. ae se : 

* THE “COPERNICAN” PLANETARIUM 
BRINGS A MOVING UNIVERSE INDOORS quo vadis ane 
Before men explore space they must know where See et Y WO 


they’re going and how to guide themselves. The # 
“Copernican” teaches them by bringing alive the 
sciences of astronomy and celestial navigation. --. 
Orbital mechanics and body-to-body transfer can Se: 
he calculated using the “Copernican” as a celes- 2 
tial analog computer. Mission pre-planning and & 
briefing can be simplified and clarified. The! 
“Copernican” brings the moving Universet 
into the classroom, lecture hall, and brief-| 
ing room—under your exacting control.! 
* See the “Copernican” Planetarium in action, ¢ 
“A.R.S. SPACE FLIGHT REPORT TO THE NATION,” : 
Oct. 9-15, New York City, Exhibit Sta. 202 (1st Fl.) 
SCIENTIFIC INDUSTRIES, INCORPORATED 


SOME USERS OF THE MUSSER § 
“COPERNICAN” PLANETARIUM... 
Douglas Aircraft Company, Aero/ 
Astrodynamics Section, Missiles 
and Space Systems (For demon- § 
strating interplanetary trajectory 
requirements); Jet Propulsion 
Laboratories (For preliminary 
measurements of spacecraft and 
planetary relationships, and earth- 
to-spacecraft communications); 4 
American Museum-Hayden Plane- § 
tarium. (For teaching 19 courses 
in astronomy and celestial navi- ax 
gation); Adler Planetarium and § 
Astronomical Museum (For dem- § 
onstrating solar system mechanics § 
and movement of the night sky, § 
in 5 or 6 public lectures daily.) Seaax 


auxilio? 
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In print 


In “Victory Over Space” (264 pp., 
Little Brown, $4.95), Albert Ducrocq, 
French astronautical pioneer and sci- 
entist, as well as science writer, offers 
not only an excellent introduction to 
astronautics but also what is perhaps 
the first objective comparison of the 
U.S. and Soviet space programs. 
American astronautical engineers and 
scientists, and the industry as a whole, 
would, for example, find it profitable 
to read the first chapter on “Astro- 
nautic Aims and Achievements,” and 
especially that section of the chapter 
on pages 21-23 which the author 
heads “The Inertia of the Rocket 
Industry.” This view of astronautics 
from abroad provides some thought- 
ful comments on where we are going 
and how we will get there, and is 
well worth the attention not only of 
those of us who are in the field, but 
of top government officials as well. 


2 ° 


Two recent books on astronomy 


which deserve more than just a pass- 
ing glance are “The Moon” by Zdenek 
Kopal (131 pp., Academic Press, 
$4.50) and “The Milky Way Galaxy” 
by Ben Bova (228 pp., Holt Reinhart 
and Winston, $5). In the former, one 
of the world’s leading lunar astrono- 
mers provides a full-scale look at “our 
nearest celestial neighbor,” covering 
facts and figures about the moon, 
moonlight, the lunar surface and 
changes on the moon, and winding 
up with an excellent chapter on lunar 
exploration, both manned and_un- 
manned. The latter offers an excel- 
lent introduction to stellar astronomy 
for the layman, starting with our 
neighbor stars and moving out to our 
own galaxy and beyond. Both vol- 
umes are amply illustrated and _in- 
clude some new photos (a rarity in 
books on astronomy!), although re- 
production is poor in the Bova book. 


Atomic physicist Ralph E. Lapp 


Aerojet-General Demonstrates 
Large Segmented Solid Rocket 


The accompanying photos show the 
three-segment solid rocket developing 
nearly 500,000-lb thrust successfully 
static-fired by Aerojet-General last 
June. The motor weighed 55 tons and 
measured 8 ft and 4 in. in diameter by 
30 ft long. 

Plans call for Aerojet to static test a 


Left, motor segment on transporter at Aerojet’s Sacramento plant; and right, 


segmented solid motor with approxi- 
mately 1-million-lb thrust later this 
year. As of August, Aerojet has re- 
ceived Air Force contracts totaling 
$5.8 million to show feasibility of seg- 
mented solid rockets for multimillion- 
pound-thrust boosters of the Nova 
class. 


head and center segments of three-segment motor being mated. The static- 
testing stand takes motors with thrust up to 1.5-million Ib. 
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turns his attention to astronautics in 
“Man and Space: The Next Decade” 
(183 pp., Harper, $4.95), and, while 
the basic approach is to look into the 
future rather than to review the past, 
the net result is little more than just 
another book on the subject, which 
can be recommended only because 
the author writes well and at this 
point the book is relatively up to date. 
David O. Woodbury’s “Outward 
Bound for Space” (178 pp., Little 
Brown, $4.50) falls into pretty much 
the same category. However, isn't it 
about time publishers stopped putting 
out “just another book” on astro- 
nautics? One would certainly think 


so. 
* 


“Gateway to Space” by Charles 
Coombs (256 pp., William Morrow, 
$3.95) is a puzzling book. Obviously 
written for youngsters, in a simple 
easy-to-read style, it nowhere mentions 
this fact but apparently will be mer- 
chandised as an “all-purpose” book on 
rocketry and astronautics, for both 
juvenile and adult readers. This is 
too bad, for, while it is an excellent 
book for youngsters, it has little to say 
which has not been said elsewhere, 
often in greater detail and better, when 
considered on the adult level. Main 
subjects covered are the Patrick- 
Canaveral complex, the large missile, 
satellites, and space stations, the X-15 
and Project Mercury. Most of the 
illustrations used have already ap- 
peared elsewhere, and more than once. 
Sum-up: A good juvenile, but little 
more. 


NASA Names T. F. Dixon 
New Launch Vehicle Director 


Thomas F. Dixon, an ARS Fellow 
Member and president of the Southern 
California Section, has been appointed 
director of NASA’s Office of Launch 
Vehicle Programs (OLVP), succeed- 
ing Maj. Gen. Don R. Ostrander who 
is returning to the Air Force as vice- 
commander, Ballistic Systems Div., 
Air Force Systems Command. Dixon, 
vice-president for research and engi- 
neering of Rocketdyne Div. of North 
American Aviation, will assume _ his 
duties at NASA Sept. 18. In the 
interim, Milton W. Rosen, also an ARS 
Fellow and deputy OLVP director, 
will serve as acting director. 
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by ABLESTAR and AGENA:B 


with DIMAZINE 


(unsymmetrical dimethylhydrazine, UDMH) 


the storable high-performance fuel! 


There are no launching crews or support equipment miles 
above the earth’s surface where AbleStar and Agena-B begin 
their crucial missions. Yet out of a combined total of 52 oppor- 
tunities to perform, from initial flight tests through 12 July 
1961, these advanced upper stages and their earlier configu- 
rations have racked up at least 44 unqualified successes with 
only 4 known failures involving their propulsion systems. 


These powerful, versatile liquid-fuel vehicles, mated with 
rugged Thor and Atlas boosters, have led the race for space 
with an impressive array of firsts. An AbleStar was the first 
rocket engine to be successfully restarted in space and a prede- 
cessor Able helped send the first re-entry vehicle over full inter- 
continental distance. The Agena vehicles were the first to put 
U.S. orbital payloads into the thousand-pound class and the 
first to send capsules back to earth from orbit. Together, they 
have helped orbit no less than 39 of the 48 U.S. satellites! 


me 


CORPORATION 


® 


Both are reliable, restartable and applicable to a variety of 
space missions. Both use Dimazine in their bi-propellant main 
propulsion systems. 


Dimazine provides a near-ideal combination of physical and 
chemical properties for rocket applications. It is remarkably 
stable to heat, contamination (catalytic decomposition) and 
shock. Its non-corrosiveness, low freezing point, storability and 
ease of handling minimize the complexities of pre-firing opera- 
tions. It has excellent characteristics of ignition, combustion; 
fluid-flow and cooling. Density, liquid range and vapor pres- 
sure are also favorable. 


Dimazine can be used with a variety of storable and higher- 
energy cryogenic oxidants. Fast expandability of production, 
to meet new and larger requirements with increasingly favor- 
able supply economics, has been repeatedly demonstrated. 


CHLOR-ALKALI DIVISION 


161 E. 42nd Street, New York 17 
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NORAD ON THE ALER 


Inputs from BMEWS Provide Instantaneous Missile Data Direct to NORAD Headquarter | 


From our vast outer defense perimeter, over thousands of miles, 
to the nerve center of the North American Air Defense Command 
at Colorado Springs, the most advanced concept of data handling 
and checkout is being utilized in the BMEWS system. The 
stakes are high, for the purpose is defense of the North American 
Continent. 

At BMEWS installations operated by USAF Air Defense Com- 
mand, computers read out missile tracking data from giant 
radars. This information is simultaneously relayed to NORAD’s 
Combat Operations Center. 

The Radio Corporation of America is prime systems contrac- 


. 


tor for BMEWS. At the COC, RCA’s Display Informatio 
Processor computing equipment automatically evaluates missik 
sightings, launch sites and target areas. By means of data prot 
essing and projection equipment installed by RCA and a team¢ 
other electronics manufacturers, the findings are displayed 0’ 
huge, two-story high map-screens in coded color symbols, ptt 
viding the NORAD battle staff with an electronic panoram 
of the North American and Eurasian land masses. 


The handling of BMEWS inputs at NORAD is an example 0! : 


how RCA data processing capabilities are assuring the high dé 
gree of reliability so vital to continental defense. 
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Ft NORAD Headquarters, RCA computing equip- RCA is prime system contractor for the sprawling RCA's Automatic Checkout & Monitoring equip- 


tion 

er , rent, the Display Information Processor (control BMEWS three-site radar network whose probing ment continuously tests and checks performance 
MISSI onsole shown here) receives sightings data from electronic fingers reach deep into space to pro- of portions of the system and alerts an operator 
| ProcBVEWS and processes it for automatic readout. vide early warning of missile attacks. when a monitored signal exceeds certain limits. 
am 0) 

ed 

pre: 

orami—ut of the defense needs of today a new generation of RCA electronic data 


ocessing equipments has been born. For tomorrow’s needs RCA offers one of The Most Trusted Name 
iP nation’s foremost capabilities in research, design, development and produc- . : 

re de lon of data processing equipment for space and missile projects. For information in Electronics 
3 N these and other new RCA scientific developments, write Dept. 434, Defense RADIO CORPORATION OF AMERICA 
lectronic Products, Radio Corporation of America, Camden, N. J. 


We don’t want to put life on other planets 


Just one living cell. The discovery of just one living cell in space would 
be one of man’s greatest accomplishments. It would affirm the possi- 
bility that man-like civilizations could exist on other worlds. 


But what if the life we found in space had been put there by our own 
spacecraft? What a tragic irony that would be! 


To prevent this awesome mistake, Cal Tech’s Jet Propulsion Labora- 
tory is designing its spacecraft for the National Aeronautics and Space 
Administration to be 100% sterile before leaving our atmosphere. 


The JPL Sterilization Program began even before the first Ranger 
shot. Different sterilization techniques are being tested in the JPL Lunar 
Program: heat soaking internal components at 125° Centigrade for 24 
hours; coating all exposed surfaces of the spacecraft with ethylene 
oxide gas; using liquid sterilants during the spacecraft assembly. 


By the time Mariner A makes the first “‘fly-by” to Venus, these tech- . 


niques will be perfected. Then, spacecraft will be free of any livi 
organism that might upset our hopes of finding other life on other plane’ 


Spacecraft sterilization is only a small part of the work on JPL’ 
Planetary Program and the job of space exploration as a whole. It's 
job that requires the most creative, inventive minds this country hast 
offer. Minds that will only take know for an answer. 


Write to us. Learn first-hand about the fascinating work our scientist 
and engineers do as America’s leaders in space exploration. Learn ho 
you can be part of this work... how your particular talent will be tax 
to the limit in this, the greatest experiment of mankind. 


JET PROPULSION LABORATORY 
4818 Oak Grove Drive, Pasadena, California 
Operated by California Institute of Technology for the National Aeronautics and Space Administration 


All qualified applicants will receive consideration for employment without regard to race, creed or national origin. | U.S. citizenship or current security clearance required. 
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Astronautics 


Space— 
A National 
Symbol 


By-Laws of the 
American Rocket Society, Inc. 


ARTICLE II (Purpose and Objectives) 


Section 1. The purpose of the American Rocket 
Society shall be to further by all appropriate means 
the sound advancement of rocketry and astro- 
nautics. 


This purpose shall be achieved in such manner 
and by such methods as may be deemed appropriate 
by the Board of Directors. 


These methods shall, however, include aiding 
the professional and technical development of those 
engaged in scientific and engineering disciplines 
affecting the advancement of rocketry and astro- 
nautics; the furtherance of technologies through 
effective technical communications, and the stimu- 
lation of achievement through awards and other 
suitable recognition for outstanding technical and 
professional accomplishment. 


: The Society shall recognize its obligation to aid 
in the development and improvement of education 
in rocketry, astronautics and related disciplines. 


: It shall also recognize an obligation to commun- 
icate the value, significance and importance of 
tocketry and astronautics to the nation at large. 


SEPTEMBER 1961 


| can be little doubt that the physical, earthbound, and ordi- 
nary frontiers of yesterday have been swept away by the new 
frontiers of space, and that the challenge posed by the conquest 
of space is the most dramatic event in our lives today. Further- 
more, it has become abundantly clear that this challenge is becoming 
more and more intellectual in nature. 

Our only hope for peaceful survival may well lie in our scientific 
curiosity about space. Scientific achievements in space have become 
directly related to technological power. The world watches and 
waits to see which country has the superior scientific capability of 
harnessing the forces of nature. 

The desire to conquer space accelerates our activity in science and 
technology, and science and technology are important to everything. 
The conclusion is therefore inescapable: The conquest of space 
must become a national symbol if the proper attitude of dedication 
and the proper sacrifices are to be made. Without these, we are 
doomed to failure. 

Certainly no group in this country is more uniquely qualified to 
establish the conquest of space as a national symbol than the Ameri- 
can Rocket Society. It should be the driving goal of ARS to make 
known to our citizenry the import, potential, and reasons behind a 
truly dynamic space program. ARS must unhesitatingly become the 
foremost spokesman for a significant space program in the U.S. today. 
It must shoulder the burden of relating the role of the space scientist 
and engineer to all professional men in America, as well as to the 
entire community. The true meaning and significance of our space 
program must become clearly understood throughout America. 

In order to perform better this gigantic task, ARS must itself move 
forward in size and posture. A very major part of its stature and 
position will depend upon the strength of its membership. Although 
the caliber of our membership today is high, it must be increased in 
scope as well as in number. In addition, every effort must be made 
to broaden and deepen our influence. ARS members must accept 
the challenge and opportunity to truly become the “Voice of 
America” in space. 

As members of ARS we must—all of us—rededicate ourselves to the 
purposes and objectives described in Article 2 of the By-Laws. They 
are conveniently reprinted on this page. We must, each and every 
member, ask ourselves: “What am I doing to promote the best inter- 
ests of the Society and to achieve its objectives and aims?” 

While it is the concern of all of us, it is the responsibility of others 
in ARS to make certain that the quality of the membership remains 
high, improves, and increases in professional stature, through proper 
technical committee action, symposia, technical meetings, etc. My 
official concern on the behalf of the ARS is expressed in my role as 
chairman of the Membership Committee. 

I shall be writing to each member in the very near future regarding 
the establishment of means for increasing the membership of the 
Society. If you agree that this is the position we must all take, I urge 
you to increase your role as a nucleating center in our mission to 
make space a national symbol and to play your part as intensely as 
your conscience dictates and your time allows. 


A. M. Zarem 
CHAIRMAN, ARS MemBersHIP COMMITTEE 
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Dramatic harbingers of the U.S. lunar program—left to right, Pioneer I, Pioneer IV, and Pioneer V—contrast sharply 


in size and complexity with the basic Ranger lunar vehicle, shown opposite. Ranger I weighs 675 lb. 


Ranger in the lunar program 


Ranger will inaugurate our scientific exploration of the moon with space 


vehicles, and will build a basic technology for the manned lunar expedition 


Clifford I. Cummings is Lunar Pro- 
gram Director at JPL. Since receiving 
a B.S. in physics from CalTech in 
1944, he has held a succession of posi- 
tions with JPL—project leader for 
WAC Corporal and Corporal missile 
telemetering systems and range instru- 
mentation, project leader for Corporal 
guidance, technical coordinator for 
the complete Corporal missile, JPL’s 
portion of the Jupiter program, and 
head of the systems engineering di- 
vision. In January 1958, Cummings 
took leave of absence to join DOD’s 
Weapon Systems Evaluation Group, 
and then in June 1958 to become 
a member of the ARPA staff. In 
January 1959, he became JPL’s repre- 
sentative at NASA headquarters, and 
then in June 1959 returned to JPL 
in his present assignment. 
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By Clifford I. Cummings 


NASA JET PROPULSION LABORATORY, PASADENA, CALIF, 


The Ranger articles that appear in this issue of Astronautics constitute 
a general description of the opening phase of the U.S. unmanned lunar 
exploration program. 

Ranger 1, the first research and development vehicle in the series was 
launched at 6:04 a.m. (E.D.T.) on August 23 from the Atlantic Missile 
Range. 

At the end of the parking orbit, the Ranger spacecraft was to have been 
accelerated from orbital velocity (approx. 5 mi. per sec) to close to escape 
velocity (approx. 7 mi. per sec). This required a velocity increment of 
approximately 10,500 fps; however, radar data showed that the Ranger 
was accelerated by only 240 fps. 

The consequence was that Ranger 1 was placed in a low earth orbit 
instead of the planned highly eccentric orbit. Despite being in an en- 
vironment for which it was not designed, Ranger 1 performed flawlessly. 
The experiment demonstrated that the United States now has a working 
spacecraft system and can proceed confidently to the next experiment. 


A sHORT review of the lunar-probe attempts during the past three 
years will help establish the Ranger Project perspective. The 
first attempts by the U.S. were a series of three lunar probes, using 
the Thor-Able I combination. The second of these three attempts, 
Pioneer I, reached an altitude of 70,700 mi. on Oct. 11, 1958. 

The next series of two U.S. attempts used the Jupiter and a 
spinning cluster of solid-propellant rockets which had previously 
been used on the Redstone to put Explorer I into orbit on January 
31, 1958. The first of these shots, Pioneer III, achieved an altitude 
of 63,580 mi. on Dec. 6, 1958. On March 3, 1959, the second in this 
series, Pioneer IV, was injected on a path (CONTINUED ON PAGE 52) 
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TV CAMERA[ON OTHER SIDE) 


Ranger 3, 4, and 5 Spacecraft Configuration 


The Ranger spacecraft 


It will not only carry scientific apparatus for exploring the moon 


and solar plasma interacting with earth, but also embody key engi- 


neering experiments on lunar and interplanetary space-vehicle design 


By James D. Burke 


NASA JET PROPULSION LABORATORY, PASADENA, CALIF. 


| fe RANGER spacecraft shown on this month’s cover is the first of a 

series designed by the Jet Propulsion Laboratory (JPL) for the 
initial exploration of the Moon. The planned flight program at 
present consists of five shots, the first two of which are engineering 
tests and the last three lunar missions. These first five spacecraft 
are the product of a design effort that began in early 1959, at about 
the time when the ABMA-JPL team was preparing the Juno II 
rocket and the 14-lb payload of Pioneer IV, the first U.S. probe to 
escape from the Earth. The Rangers are enormously more complex 
than Pioneer IV, yet they are but a small step toward the technology 
that will be required for the reliable transportation of men and 
equipment to and from the Moon. It is, nevertheless, instructive to 
look back now over the development. The Rangers do illustrate 
some engineering approaches to the problems that will exist in any 
lunar mission, and they will provide information about the Moon 
that may be of great value in planning the later lunar-exploration 
programs. 

At the outset of the project, it was known that the spacecraft, 
launch vehicles, and ground systems required for lunar and plane- 
tary exploration would all be very complicated and expensive and, 
hence, that the number of deep-space launchings would be severely 
limited. Therefore, the equipment had to be inherently capable of 
rapid reliability growth. One way to achieve rapid reliability 
growth is to use a single design repetitively. It was decided to 
single out the functions that would be common to all flights and to 
combine the related subsystems into a basic spacecraft “bus” whose 


James D. Burke is JPL’s Ranger Proj- 
ect Manager, and has been an en- 
gineering group supervisor at JPL, in 
charge of design and investigation of 
missile systems and advanced applica- 
tions of missiles. Burke joined JPL 
in 1949 after receiving M.S. and A.E. 
degrees from CalTech. He has been 
a Naval aviator. 
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Ranger 1 and 2 Spacecraft Configuration 
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design would vary as little as possible from mission 
to mission. To this bus would then be added differ- 
ent mission packages bearing instruments charac- 
teristic of the particular flight objectives. 

Design studies soon yielded the conclusion that 
for adequate communications at planetary distances, 
for the most efficient exploitation of solar power, for 
accurate trajectory corrections, and for pointing in- 
struments such as TV cameras, the spacecraft must 
have a system of attitude reference, stabilization, 
and control. Also, it was evident that there would 
be a need for accurate and reliable on-board pro- 
gramming devices, and it soon became clear that a 
radio-command system would be indispensable for 
controlling the operation of the spacecraft in flight. 
The guidance-and-control, power, and _ telecom- 
munication subsystems, together with the requisite 
structure, electronics packaging, environmental pro- 
tection, and diagnostic instrumentaion features, 
make up the basic Ranger bus. -The scientific in- 
struments and associated equipment comprise the 
mission package. 


Instrumentation Package Similar 


Since there was no way of predicting which of a 
given series of flights might succeed, it was ap- 
parent that it would not be practical to design either 
the mission packages or the diagnostic engineering 
instruments for piecemeal or progressive experi- 
mentation. Rather, all of the instrumentation pack- 
ages in a series would have to be nearly the same, 
and each of them would have to be capable of 
measuring beyond the expected ranges of all vari- 
ables, so that any single successful flight would be 
sure to yield useful data. Redundancy within the 
instrumentation would be desirable for the same 
reasons. 

A number of other criteria which were applied to 
the Ranger spacecraft design may appear contra- 
dictory to the objectives of the immediate project. 
For example, most of the equipment is designed to 
have a lifetime of many months in the space en- 
vironment, even though the trip to the Moon takes 
only a few days. This was done to build experience 
with the techniques known to be necessary for plan- 
etary flights. It was decided to employ a com- 
pletely passive temperature-control system (i.e., 
surface coatings, and no internal circulating gas or 
other mechanisms). Such a system is harder to de- 
sign, but we believe that it would be better to 
grapple with the problem now, since a solution 
would be very valuable in the long run. 

The Rangers that go to the Moon will be biologi- 
cally sterilized. Opinions differ as to whether con- 
tamination of the Moon by Earth life forms would 
be a scientific disaster, but there is little doubt that 


contamination of Mars would be. Therefore, before 
sending anything to Mars, we must master the 
technology of building equipment that not only can 
meet all of the other stringent demands of a space 
mission but can also be sterilized before launching 
by means of heat, radiation, or chemicals. The Ran- 
gers provide our best opportunity to develop the 
requisite techniques. 

In the current flight program, two configurations 
of the spacecraft exist. The first configuration (for 
Ranger 1 and 2) is shown on the cover and on page 
24; the second configuration shown on page 23 will 
be used in three subsequent flights (Ranger 3, 4, 
and 5). 


Provide Engineering Test 


As mentioned previously, the Ranger 1 and 2 
flights are intended to provide an engineering test 
of a simplified spacecraft before lunar-mission at- 
tempts. The trajectories for these flights have been 
chosen to avoid the Moon. The scientific experi- 
ments have been selected to take advantage of the 
engineering-test trajectories, and have nothing to do 
with the Moon. They are, instead, a diverse but 
integrated group of experiments on particles and 
fields in space, which, if successful, will give a 
uniquely definitive picture of the solar plasma and 
its interaction with the Earth. The scientific instru- 
ments and their sponsors are listed in the table on 
page 27; the experiments are described in more de- 
tail in JPL Technical Report No. 32-55. 

The normal flight operating sequence of Ranger 
1 and 2 spacecraft is: After separation from the 
Agena-B launch vehicle, the solar-power panels and 
the parabolic antenna extend. The attitude-control 
system then points the (CONTINUED ON PAGE 49) 
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Early Ranger experiments 


Their first and foremost purpose will be to give an 


extensive, detailed picture of interplanetary plasma 


By Albert R. Hibbs, yp CHIEF, DIVISION OF SPACE SCIENCES 


M. Eimer, jp. DEPUTY CHIEF, DIVISION OF SPACE SCIENCES 


M. Neugebauer, jp RANGER | PROJECT SCIENTIST 


The eight scientific experiments on Ranger 
represent the work of scientists and engineers 
at seven institutions: The California In- 
stitute of Technology, Goddard Space Flight 
Center, Jet Propulsion Laboratory, Los 
Alamos Scientific Laboratory, Naval Re- 
search Laboratory, State Univ. of Iowa, and 
Univ. of Chicago. Scientific aspects of the 
instrument system were the responsibility of 
Mrs. Marcia Neugebauer of JPL, project 
scientist; and Raymond L. Heacock, of 
JPL, project engineer, was responsible for 
system engineering. 


SOLAR CORPUSCULAR 
RADIATION EXPERIMENT 


This experiment under the responsibility of 
Mrs. Marcia Neugebauer and Conway W. 
Snyder, JPL, follows the density and motion 
of drifting plasma clouds and measures 
plasma-particle energies. Its electrostatic 
analyzers are open to space and can collect 
and measure the lowest energy particles; 
six detectors point in six different directions. 

As a charged particle enters an analyzer, 
it finds itself in a curving tunnel. The sides 
of this tunnel are two metal plates carrying 
opposite static charges. Attracted by one 
plate and repelled by the other, the par- 
ticle follows a curved path down the 
curved tunnel. If it moves too slow or too 
fast, it runs into one wall or the other. But 
if it moves at just the right speed, it makes 
the end, and there a counter detects it. 

Automatically, at fixed intervals, the 
amount of the static charge on the metal 
side plates changes, allowing a different 
energy range of particles to get through. 
The analysis process involves 12 such voltage 
steps. 

In cycling through its voltage sequence, 
each analyzer will observe four energy ranges 
of electrons between 13.7 and 110 e.v. and 
eight energy ranges of protons between 13.7 
and 5500 e.v. 

To determine whether the particles are 
streaming outward from the sun as a solar 
wind, or wandering at random through a 
comparatively stationary plasma cloud, the 
most fundamental measurement is a com- 
parison of measurements taken looking to- 
ward and directly away from the sun. The 
two analyzers which make these two meas- 
urements are on a boom several feet out from 
the spacecraft body, away from the effects 
of any sheath of charged particles which 
Ranger may accumulate moving through the 
interplanetary plasma. 

The six detectors weigh 33 lb (total) and 
draw 2.74 w. C. S. Josias and J. L. Law- 
rence of JPL did the engineering design of 
this experiment. 
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MEDIUM-ENERGY-RANGE 
PARTICLE DETECTORS 


Six of these observe charged particles in an 
energy range overlapping the low energies of 
particles in the interplanetary plasma and 
extending upward toward the high energies of 
fast-moving cosmic rays. 

Four are cadmium sulfide detectors not 
covered by protective tube wall or case. Thus, 
particles of very low energy can be detected. 
Protons and electrons with energies greater 
than 100 e.v. will produce a measureable 
change in resistance upon striking the de- 
tectors. Sunlight also produces such a 
change, so the detectors are placed behind a 
series of baffles. 

One of these detectors includes a small 
magnet. An electron with energy below 
400,000 e.v. moving toward the detector 
would be swept aside by this magnet and 
thus not be counted, whereas much heavier 
protons will proceed nearly straight on. The 
other three detectors contain no magnets, 
and will consequently count both electrons 
and protons. The four counters are arranged 
in pairs and point in two different directions, 
all at about 45 deg to the direction of the sun. 

This experiment was developed under di- 
rection of James A. Van Allen at SUI. Dr. 
Van Allen’s group also developed another 


experiment employing a Geiger-Mueller 
counter similar to those used to de- 
tect the radiation belts. This Geiger- 


Mueller tube will count all protons which 
have energies above 500,000 e.v. and all 
electrons with energies above 35,000 e.v. It 
will count accurately up to a rate as high as 
20,000 particles per second. 

C. Y. Fan, P. Meyer, and J. A. Simpson of 
the Univ. of Chicago supply a particle ex- 
periment which uses a detector consisting of 
two thin dises of silicon coated with gold and 
then placed one behind the other. A proton 
with an energy greater than 0.5-million e.v. 
will enter the first dise and produce a shower 
of ions strong enough for the electronic cir- 
cuits to register a count. If the proton has 
an energy less than 5-million e.v., it will not 
be able to get all the way through the first 
disc. Particles with energies greater than 5- 
million e.v. will penetrate into the second disc 
and cause another shower of ions and a pulse 
from the second dise. If the energy is even 
greater than 10-million e.v., it will proceed so 
rapidly through the first disc that the re- 
sulting shower of ions will be too weak to re- 
cord asa count. Thus, 10-million e.v. is the 
upper energy limit of the counter. The elec- 
tronic circuits determine whether pulses 
come from both dises or just the first one. 

This detector has the advantage of being 
completely insensitive to electrons and X 
rays, so it will count only the nuclei of atoms. 

The total of six medium-energy-range par- 
ticle detectors weighs 3.8 lb and draws 0.16w. 
J. Denton Allen and Conway Snyder pro- 


vided JPL’s engineering and scientific sup. 
port for this experiment. 


COSMIC-RAY IONIZATION 
RATE MEASUREMENT 


Primary cosmic radiation and other ioniz- 
ing radiation are measured by a quartz- 
fiber integrating-type ionization chamber in- 
vented by H. V. Neher, CalTech. A quartz 
fiber is positioned a short distance from a 
quartz rod inside a hollow metal shell (cham- 
ber). The rod and fiber are charged to the 
same voltage. As cosmic rays penetrate the 
wall of the ionization chamber and shoot 
across the gas inside, they leave a wake of 
charged ions. Negative ions and electrons 
drift toward the quartz rod and build upon it 
a static charge, which attracts the fiber. 
When enough ions have been produced and 
have drifted to the rod, and enough charge is 
built up, the fiber is pulled close enough to 
touch the rod. This produces an electric 
pulse which is amplified and telemetered, and 
at the same time discharges the rod, return- 
ing the fiber to its starting position. The 
time between successive pulses indicates the 
rate at which cosmic rays are penetrating the 
wall of the ion chamber. Protons which 
penetrate must have an energy of at least 10- 
million e.v. Measurements made with this 
chamber can be used to interrelate many of 
the particle counters on the Ranger with 
many of the cosmic-ray measurements made 
over the last several decades. Continued 
use of such ionization chambers will permit 
future radiation measurements to be com- 
pared against an absolute base and data will 
have a direct bearing on manned spaceflight 
preparations. 

The ion chamber was built by Hugh Ander- 
son and other members of W. 8. McDonald’s 
group at JPL. The instrument, which 
weighs 1.2 lb, requires 4 mw, was calibrated 
in H. V. Neher’s laboratory at CalTech. 


TRIPLE-COINCIDENCE 
COSMIC-RAY ANALYSIS 


High-energy radiation is measured by an 
experiment developed by C. Y. Fan, P. 
Meyer, and J. A. Simpson of the Univ. of 
Chicago. It involves two triple coincident 
telescopes, each consisting of an assemblage 
of countertubes arranged in the same manner 
as units successfully flown on Explorer 6 and 
Pioneer 5. They are cylindrical bundles with 
six tubes on the perimeter and one centered. 

These two cylindrical telescope bundles lie 
on their sides projecting through the top of 
one of the equipment boxes in the hexagonal 
base of RangerI. In each bundle, the count- 
ing tubes are connected in three separate 
groups: The first group consists of the outer 
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three tubes, which are exposed to space: 
the second ‘‘group” is the central tube; and 
the third consists of the three tubes which lie 
on the bottom of the bundle and actually pro- 
ject into the equipment box. As a charged 
particle comes through the bundle of tubes, 
the electronic circuits determine which of the 
groups the particle has penetrated. Whena 
pulse comes from all three groups at once— 
a triple coincidence—the particle was un- 
doubtedly a high-energy one rather than an 
X ray or a low-energy particle. The tubes 
are very inefficient at counting X rays, and 
the likelihood is small that an X ray, even if 
it penetrated all three groups, would cause a 
detectable pulse in each group. 

Such “‘triple-coincidence events’’ are tele- 
metered together with single counts from the 
center tube. By comparing single-count and 
triple-coincidence data, how many of the 
counts were due to X rays and how many 
were due to protons or other high-energy 
charged particles can be determined. 

The two bundles of counters differ in the 
amount of shielding placed around them. 
One bundle is covered with a lead shell which 
keeps out all protons with energies less than 
75-million e.v. and all electrons with energies 
less than 13-million e.v. The other bundle 
has a lead shield only around the half pro- 
jecting into the equipment box. Protons of 
greater than 10-million e.v. and electrons 
with energies greater than 0.5-million e.v. can 
enter the bundle from the unshielded upper 
half. Particles coming directly from the sun 
can penetrate the bundles and be counted 
without having to go through any portion of 
the spacecraft. 

The energy range of particles detected by 
the half-shielded bundle is similar to the 
energy range of particles which will be de- 
tected by the quartz-fiber ionization cham- 
ber. Comparing data from these two instru- 
ments will make it possible to determine the 
average ionization per particle. This in 
turn will permit determining the type and 
energy of particles responsible for the meas- 
urement—protons, alpha particles, or per- 
haps heavier nuclei or X rays. It is antici- 
pated that almost all of the particles will be 
protons. 

The total weight of this experiment— 
counters, lead shielding, and the electronic 
circuits associated with the counters—is 9 lb, 
and the experiment draws 0.5 w. J. Denton 
Allen and Marcia Neugebauer provided JPL’s 
engineering and scientific support for this ex- 
periment. 


MAGNETIC FIELD ANALYSIS 


Ranger carries a rubidium-vapor magneto- 
meter to measure the strength and direction 
of the magnetic field in interplanetary space. 
The nature of the interplanetary field is 
closely related, of course, to the behavior of 
charged particles in the solar plasma. Data 
from magnetometer measurements will be 
of fundamental importance in interpreting 
Ranger charged-particle experiments, and 
will provide a new background for evaluating 
theories of earth-sun relationships 

The rubidium-vapor cell resides at the 
center of a hollow 13-in.-diam. fiberglass 
spherical shell. Wrapped around this shell 
are coils of wire through which electric cur- 
rents of known strengths can be sent during 
the measuring sequence. By the proper se- 
quencing of currents in the coils, both the 
strength and the direction of the magnetic 
field in space can be determined. This unit 
rides near the front end of Ranger I, as far as 
possible from the electronic circuitry in and 
hear the hexagonal base, to minimize mag- 
netic background from the spacecraft. 

The 5.75-lb, 4.1-w. magnetometer was 
developed under the direction of J. P. Hep- 
pner and J. D. Stolarik of NASA-Goddard 
SFC. D.E. Jones and M. Gumpel of JPL 
provided scientific and engineering support 
for the experiment. 


Ranger | and 2 Scientific Experiments Plan 


EXPERIMENT INSTRUMENT SPONSORING AGENCY 
Solar Plasma Solar Corpuscular Detector JPL Neugebauer/ 
Snyder 
Solar Plasma/ Semiconductor Detectors and SUI/U of Chicago Van Allen/ 
Co; c Radiation Thin- Walled Geiger Counters Simpson 
a. CdS Photoconductor (SUI) 
b. Thin-Walled Geiger (SUI) 
c. Medium-Walled Geiger (SUI) 
d. Au-Si Counter (U of Chicago) 
Cosmic Radiation Ionization Chamber cIT Neher 
Cosmic Radiation Triple- Coincidence U of Chicago Simpson 
Telescopes 
Magnetic Field Rubidium Vapor Magnetometer GSFC Heppner 
Neutral Hydrogen Lyman Alpha Telescope NRL/JPL Friedman 
Cloud 
Cosmic Dust Micr teorite Comp GSFC Alexander 
Detectors 


SOLAR X-RAY DETECTION 


A pair of scintillation counters, part of the 
AEC’s contribution to the Air Force’s Vela 
Hotel project, represent an experiment sup- 
plied by John A. Northrop of LASL in co- 
operation with Sandia. These scintillation 
detectors are located about a foot apart with 
sensitive surfaces facing the sun. They are 
designed to detect bursts of low-energy X rays 
originating at the sun. Six opaque windows 
in front of eaeh scintillation detector provide 
protection against cosmic-dust puncture 
while permitting the passage of X rays to the 
detecting portions of the instruments. This 
equipment will detect extremely short-term 
variations, so that future instruments can 
distinguish between man-made nuclear events 
and solar bursts. 

The equipment weighs approximately 12 
lb and includes its own power supply, logic, 
and data-handling system. Timers keep the 
high voltage removed from the photomuliti- 
pliers in the scintillation counters for 8 hr 
during passage though the earth’s radiation 
belts. 


NEUTRAL-HYDROGEN GEOCORONA 


This design is under the direction of T. A. 
Chubb and R. W. Kreplin of NRL, and H. P. 
Bull and B. D. LaPorte of JPL. It employs 
a Lyman-alpha telescope and detector to scan 
the earth as Ranger 1 proceeds far into 
space. As the telescope mechanically scans 
this region, the detector produces an elec- 
trical signal proportional to the amount of 
Lyman-alpha light which strikes it, giving a 
crude TV-like picture. 

No one knows exactly what the Lyman- 
alpha telescope will see. There are theories, 
however, which could account for a hydro- 
gen cloud extending far into nearby space. 
Hydrogen is formed by the action of sun- 
light upon water vapor and methane at an 
altitude of approximately 60 mi. The re- 
leased hydrogen gas then diffuses outward to 
form the main constituent of the earth’s very 
high upper atmosphere. In this high-alti- 
tude region, the neutral hydrogen could re- 
flect the Lyman-alpha radiation put out by 
the sun or could possibly emit radiation of its 
own after being bombarded by high-energy 
radiation from the sun or the earth’s radia- 
tion belts. This would produce a glowing 


corona around the earth analogous to the 
sun’s. 

If the solar wind sweeps out from the sun, 
as indicated by the shape of comet tails, then 
the gas at the outer edge of the cloud is prob- 
ably being continually swept away from the 
earth, giving the earth a tail like a comet. 
If no solar wind exists, on the other hand, the 
neutral hydrogen may simply merge with the 
more diffuse gas of interplanetary space. 

Since the density and behavior of this hy- 
drogen cloud depend on the behavior of the 
solar plasma and the strength of solar winds, 
proper interpretation of the data from the 
Lyman-alpha telescope will require the data 
from the solar corpuscular radiation meas- 
urement as well as the medium energy parti- 
cle measurements and the magnetometer 
measurements. The Lyman-alpha tele- 
scope may give observations of other pheno- 
mena, such as the aurora borealis, and stars 
which shine with particular brilliance in this 
special region of the spectrum. 

The gimbal-mounted telescope together 
with its Lyman-alpha detector and the as- 
sociated electronics weigh 15 lb and draw 
14w. 


COSMIC DUST DETECTORS 


Impact rate, energy, momentum, and di- 
rection of flight of dust particles in inter- 
planetary space are measured by a minia- 
ture cosmic-dust detector designed at 
NASA’s Goddard SFC under the direction of 
W. M. Alexander. Housed in a magnesium 
container measuring 3 by 6 by 5'/2in., the in- 
strument consists of a flash detector sensitive 
to minute bursts of light produced by dust- 
particle impacts and of a special microphone 
attached to the sensitive exposed surface. 
The dust experiment is positioned so that it 
will detect particles moving around the sun 
in the same direction as the earth and those 
moving in the opposite (retrograde) direc- 
tion. Data on the orbits of these particles 
and on their sizes will give a better under- 
standing of the distribution of matter in the 
solar system, and provide a much _ better 
basis for further calculations on the origin 
and history of the solar system and material 
within it. 

The cosmic-dust detector and associated 
electronics weigh 3.55 lb and draw 0.20 w. 
Marcia Neugebauer and E. S. MeMillan of 
JPL provide scientific and engineering sup- 
port for this experiment. oe 
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Ranger 1 on liftoff, at 6:04 a.m. 
(E.D.T.) Aug. 23. Apogee, 312 st. 
mi; perigee, 105 st. mi; inclination 
to equator, 33 deg; period, 91 min. 


Preparing 
Ranger 
for 
operations 


Efficient space-vehicle design, smooth and timely program 


coordination, adequate backup testing, and complete systems 


qualification demand and get scrupulous attention to detail 


sam 
Friedrich Duerr is manager of the 
NASA Agena-B Launch Vehicle Sys- 
tem at Marshall Space Flight Center. 
After receiving an M.S. in electrical 
engineering from the Institute of Tech- 
nology at Munich, he was with the 
Siemens Co. until he joined the Ger- 
man Rocket Center at Peenemuende 
in 1941, where he designed the electri- 
cal checkout and firing equipment for 
both the A-4 (V-2) and A-7 missiles. 
In 1945, he came to this country under 
“Operation Paperclip,” and was in 
charge of electrical ground equipment 
for V-2 and other rocket launches at 
White Sands. On transferring to 
Huntsville, Duerr directed design of 
electrical ground equipment for the 
Redstone missile, the Jupiter C for re- 
entry and satellite (Explorer) mis- 
sions, and tactical configurations of 
Jupiter and Pershing. The ABMA 
transfer to NASA saw him appointed 
deputy director for Agena in the 
Agena and Centaur systems office at 
MSFC. 
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By Friedrich Duerr 


NASA MARSHALL SPACE FLIGHT CENTER, HUNTSVILLE, ALA. 


i JANUARY 1960, a NASA evaluation team studied the feasibility of 
using the Agena-B vehicle with an Atlas or Thor booster for lunar 
or satellite missions. A favorable report by that team resulted in a 
decision to use the Atlas Agena-B as launch vehicle for Ranger lunar 
missions. 

Concurrent with the beginning of contract negotiations with Lock- 
heed Missiles and Space Co. through the AF Space Systems Div. 
(AFSSD), an organization was established to define and solve inter- 
face and operational problems. This organization consisted of JPL, 
in charge of the Ranger spacecraft development, Marshall Space 
Flight Center, responsible for the launch vehicle, and Lockheed 
Missiles and Space Co. as vehicle system contractor. To standardize 
Air Force and NASA Agena-B vehicle configurations and to manage 
participating Air Force contractors at the launch facility, AFSSD was 
to provide operational, technical and administrative support. 

These agencies operated through the Agena-B Coordination 
Board, with the Agena-B Lunar Committee having the responsibility 
for resolving all technical problems arising in the execution of the 
missions within its area. To provide the diversified technical skills 
necessary to fulfill that responsibility, five technical panels were con- 
stituted: (1) Vehicle Integration, (2) Performance Control, Trajec- 
tories, Guidance and Control Flight Dynamics, (3) Tracking and 
Data Acquisition, (4) Quality Control and Checkout Procedures, and 
(5) Firing Operations, Logistics, Facilities and Ground-Support 
Equipment. These panels function on problems affecting more than 
one agency involved in the program to determine the existence and 
nature of problems and assure that steps are taken to provide a solu- 
tion. 
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The photo on page 28 shows the object of this 
planning and coordination—the Ranger vehicle—a 
modified Atlas-D booster, an Agena-B second stage, 
and the Ranger spacecraft. The Atlas and Agena 
are interconnected through an adapter assembly 
which covers the Agena engine section. This 
adapter stays with the Atlas when, after booster cut- 
off, the Agena separates from the adapter section. 
The Agena and the Ranger spacecraft interconnect 
through an adapter assembly, and separate at the 
conclusion of Agena second burn. 

Because of the success of the AF Agena program, 
it was determined at the inception of the program 
that Atlas and Agena would be held to proved flight 
configurations, with modifications required for 
Ranger being as few as possible, and that the guid- 
ance and control equipment would be flight-proved 
and reliable. Reliability of single components as 
well as operation of the entire system is a point of 
major design policy with respect to standardization 
of other NASA missions. 

In addition to special Ranger modifications, such 
as the Agena forward equipment rack, new compo- 
nents had to be designed—for example, an adapter 
assembly to mate Agena with Ranger proper. 
A new spacecraft shroud was designed, emphasizing 
light weight, pressurization capability, and RF re- 
quirements. The final design was a one-piece metal 


shroud with parasitic antennas. This shroud ejects 
forward, along the line of flight. When possible, 
designs were laid out in such a way that they could 
be used in later flights or in other NASA Agena mis- 
sions. 

Parallel with the design effort, analytical studies 
were made on shroud separation and spacecraft 
ejection to insure non-interference. Studies were 
also made to determine the effect of ejection on 
spacecraft attitude for trajectory optimization, 
optimum times of engine (both Atlas and Agena) 
burn, and parking-orbit altitudes for maximum pay- 
load capability. 


Seek Performance Improvements 


Continuous efforts are being made to find new 
areas in design and operation where performance 
improvements can be made. All these studies have 
one common goal—to reduce the weight of booster 
and spacecraft-support equipment and thus to place 
the greatest payload at a specified point in space. 

Closely related to the analytical studies being con- 
ducted in the mechanics and operation of ejection 
and separation devices was the work of a group as- 
signed solely to insure safe (CONTINUED ON PAGE 54) 


ATLAS - AGENA RANGER 
IN FLIGHT SEPARATION 


RANGER 
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The Ranger booster 


Atlas D-Agena B vehicle, proven out in other programs, provides the 


thrust, guidance and control needed for five Ranger lunar missions 


By Harold T. Luskin 


LOCKHEED MISSILES AND SPACE CO., SUNNYVALE, CALIF. 


Harold T. Luskin is manager of the 
NASA/ Agena Program, which includes 
the Ranger, Nimbus, Comsat, and S- 
27 vehicles, at Lockheed. A gradu- 
ate of the Univ. of Michigan, his 
industrial experience has included di- 
rection of aerodynamic research, de- 
sign and testing of the DC-8, Nike- 
Zeus, Honest-John, Nike-Ajax, XB-43 
and other projects. He is also a co- 
designer of the AF-NACA X-3 super- 
sonic research aircraft. Currently a 
member of the Advisory Panel on 
Aeronautics to the Assistant Secre- 
tary of Defense for Research and 
Engineering, he is an IAS Fellow and 
Western regional vice-president of 
IAS, and a member of ARS, AAS and 
BIS. 
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T HE BOOSTER for the NASA-]PL Ranger program consists of an Atlas 
D and an Agena B developed by General Dynamics/ Astronautics 
and Lockheed Missiles and Space Co., respectively. The complete 
vehicle, at liftoff, is shown in the photograph on page 28. This 
booster combination was selected for the Ranger Program because 
the Atlas D, Agena B, and their predecessors have achieved a high 
maturity of development and reliability through many flights. 
Agena A and B have been placed in orbit 21 times out of 31 launches 
as of July 2, 1961. The Agena B is, of course, used on other pro- 
grams, such as Discoverer, Midas, Advent, Snapshot, Nimbus, S-27, 
Comsat, and Vela Hotel. 

Lockheed Missiles and Space Co. is the launch vehicle systems 
contractor for the Ranger Program, the contract having been issued 
by the AF Space Systems Div. for NASA, whose Marshall Space 
Flight Center is the vehicle manager. The Ranger Program is part 
of the NASA plan (Surveyor, Prospector, Apollo, etc.) to place man 
on the Moon and return. The Ranger payload, developed by JPL, 
carries equipment to determine characteristics of the Moon’s surface 
and environment, and is described in detail elsewhere in this issue. 

Five Ranger flights are included in the contract. Orbits desired 
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Ranger A Launch-To-Injection Sequence 


2. QOOSTER SMUTOFF AND SEPARATION 
3. SUSTAINER SMUTOFF SEPARATION 
4. EJECTION 
FIRST SMUTOFF & START OF COAST 
1. SECON 
| SECOND SmUTOFT 8 
SEPARATION 


SPACECRAFT Sum ACQUISITION 
10. CART ACQUISITION 


for the first two flights are highly eccentric, with 
an apogee equal to about 2'/2 times the Earth-Moon 
distance. The first flight gave only a near-Earth 
orbit, but nevertheless a flight test of the complete 
system was achieved. The last three flights will 
place the instrumented capsule on the Moon. 

Since the trajectory that provides Moon impact is 
the more interesting, it will be described here. The 
trajectory, sequence of events, and relationship of 
the Earth and Sun is shown in the drawing above. 
In general, the Atlas boosts the Agena and pay- 
load to an apogee of 100 n.mi.; the first burn of the 
Agena occurs to place it and the payload in a cir- 
cular parking orbit of 100 n.mi.; the second burn 
then begins and goes on until injection into the 
lunar trajectory, when at burnout the payload is 
separated. The payload contains propulsion for a 
mid-course maneuver and to slow the capsule to a 
safe velocity for lunar impact. Use of the Agena 
in two burns rather than one allows a heavier pay- 
load to be carried because the Atlantic Missile 
Range (AMR) is not in the most ideal geographic 
location for the most efficient trajectory to the Moon 
when using a single Agena burn rather than the 
dual. With the dual-burn trajectory, the angle 
from the Agena at the end of first burn to the center 
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INJECTION 


of the Earth to the Agena at the beginning of second 
burn is about 50 deg, and this distance is travelled 
without any use of propulsion. 

A more detailed description of the trajectory se- 
quence of events and the vehicle system follows: 

The time of launch has a window which is actually 
the amount of time in which a launch must be made. 
Time of launch is determined by the phase of the 
Moon (it must be illuminated so that impact can be 
observed, the Earth-Moon plane being such that a 
launch from AMR can be made in that plane and 
impact the Moon), the satisfaction of range safety 
restraints, etc. The duration of the window is then 
determined by analysis of tolerances of all the re- 
straints that establish the time of launch. For ex- 
ample, the launch azimuth can usually be within 
about a 12-deg band and satisfy range safety re- 
quirements. The time of launch that allows maxi- 
mum payload capability and satisfies all restraints 
occurs once each day for four days each month. The 
launch window varies from nearly two hours on the 
first allowable day of launch to about one hour on 
the last day. 

At Ranger liftoff, the two booster and one sus- 
tainer engines of the Atlas are operating and guid- 
ance is performed by a (CONTINUED ON PAGE 73) 
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The Ranger 


lunar capsule 


What looks like a beach toy will deliver a sterile seismometer 


and related equipment to the moon's surface to open a new phase 


in lunar exploration and probing of the solar system's secrets 


Frank G. Denison is Aeronutronic’s 
Manager of Lunar Capsule, Space 
Systems Operations, the group re- 
sponsible for the Ranger rough-land- 
ing capsule under  Aeronutronic’s 
subcontract to JPL. Denison has 20 
years’ engineering and management 
experience in aeronautical, marine, jet 
propulsion and aerospace fields, and 
holds a B.S. in naval architecture and 
marine engineering from MIT and an 
M.S. in aeronautical engineering and 
an A.E. in aeronautics from CalTech. 
At one time on JPL’s staff, he was 
program director for the Sergeant mis- 
sile system; participated in the man- 
agement of the Corporal missile sys- 
tem and was personally responsible 
for the conception, analysis, and de- 
sign for the Corporal rocket motor; and 
was chief of JPL’s Design and De- 
velopment Section, where he super- 
vised the design, construction, and 
flight testing of the Wac Corporal, 
Bumper Wac, and two test vehicles. 
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By Frank G. Denison 


AERONUTRONIC, DIV. OF FORD MOTOR CO., NEWPORT BEACH, CALIF. 


AY IMPORTANT part of the Ranger mission is the depositing of sen- 
sitive working instrumentation upon the surface of the Moon 
and transmitting back to Earth the results of the scientific and engi- 
neering data obtained therefrom. Such data will be of substantial 
value in the implementation of the more sophisticated programs re- 
quired to achieve the major objectives of the national space program. 
These early lunar landings in themselves are an important part of 
our exploration of space, because they can immediately yield infor- 
mation concerning the Moon’s formation and structure and provide 
some knowledge of the environment in which man will explore the 
Moon further. 

The lunar capsule is a Ranger spacecraft subsystem developed by 
Aeronutronic, a Div. of Ford Motor Co., under a subcontract from 
the Jet Propulsion Laboratory. The capsule is carried to the im- 
mediate vicinity of the Moon by the Ranger “bus.” The distance to 
the Moon is then automatically measured; and, when a predeter- 
mined altitude above the lunar surface is reached, the capsule 
separates from the bus and brakes itself by means of a retrorocket 
to allow a survivable landing. 

When the capsule comes to rest on the surface of the Moon, the 
survival sphere floated within the capsule’s impact limiter will auto- 
matically erect itself to local vertical by means of Moon gravity, 
just as a spherical compass stays vertical. This places vertical the 
sensitive axis of the primary scientific instrument—a seismometer— 
and permits the use of a modestly directional transmitting antenna. 


4 
i 
. 


Telemetry will relay scientific and engineering data 
back to the Deep Space Instrumentation Facility, 
described on page 34, for an extensive period of 
time after each landing. The seismometer will not 
only provide a record of “moonquakes” and 
meteoric impacts, should they occur, but will also 
record the continuous, microscopic seismic motions 
that are believed to exist on the Moon just as they 
do on Earth. From such data much can be de- 
duced about the structure of the Moon, information 
which will lead to filling some of the gaps in our 
knowledge about the origin and history of the solar 
system. 

As can be seen in the photograph on the opposite 
page, the lunar capsule outwardly resembles an 
oversize beach ball set on a _ retrorocket. In 
addition, there are certain exterior components 
attached directly to the capsule or to the Ranger 
bus. One of the exterior components, the altimeter 
which rides on the bus structure, senses the proper 
instant during the approach to the Moon for sepa- 
rating the capsule system from the transporting 
vehicle. In the nozzle of the retrorocket are aux- 
iliary spin rockets which provide spin stabiliza- 
tion for the braking part of the trajectory. The 
landing sphere is capped by the bus telemetry an- 
tenna, which is moved out of the way before sepa- 
ration. 

The landing sphere consists of a crushable, spheri- 
cal impact limiter, which will absorb residual ve- 
locities at landing. Centered in this is the instru- 
ment-packed survival sphere, which forms the true 
mission payload. The survival package, which is 
fluid-floated within the hollow impact limiter, con- 
tains the seismometer, temperature-control system, 
transmitter, power supply, and other components, 
such as timing and control devices. The table on 
page 78 lists the elements of the lunar capsule and 
their weight. 


Altimeter Operation 


The altimeter, being developed for Aeronutronic 
by Wiley Electronics Co., is basically a fuze-type 
radar for measuring the distance of the Ranger 
spacecraft from the Moon. At a precise altitude yet 
to be selected (about 70,000 ft), it will signal for 
bus—capsule separation. 

In addition, the altimeter will also provide to the 
bus telemetry a signal proportional to the received 
echo strength. This will yield both scientific data 
aiding in the description of the lunar surface and 
engineering data on its surface reflectivity, which 
will allow better use of altimetry and doppler de- 
vices in future lunar hard and soft landings. 

When the altimeter determines that the com- 
bined Ranger spacecraft (CONTINUED ON PAGE 77) 


Spin motor in retrorocket nozzle. 


Impact limiter after glancing impact of 45 deg, followed 
immediately by a 90-deg impact to bring it to rest. 


Landing sphere after coming to rest on dry-lake bed. It 
was dropped from an aircraft at an altitude that would 
simulate lunar drop. 
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DSIF in the Ranger project 


This worldwide network—with permanent stations in California, 


South Africa and Australia—will track, telemeter, and command 


Ranger, and will add capabilities itself as the project advances 


By N. A. Renzetti 


NASA JET PROPULSION LABORATORY, PASADENA, CALIF. 


Nicholas A. Renzetti heads Communi- 
cations Engineering and Operations 
for JPL’s Telec« ications Div. 
His background includes a Ph.D. in 
physics from Columbia Univ. in 1940, 
various technical and administrative 
positions with the Navy between 1941 
and 1954—technical director of the 
12th Naval District’s Underwater 
Ordnance Mine and Countermine 
Warfare, head of the China Lake 
Naval Ordnance Test Station’s Mea- 
surements Div. and Test Dept., and 
head of the NOTS-Pasadena Under- 
water Ordnance Dept.—and_ chief 
physicist for the Air Pollution Founda- 
tion, San Marino, Calif., from 1954 to 
1959, when he joined JPL. Dr. 
Renzetti is also a consultant to NOTS- 
Pasadena and _ Stanford Research 
Institute. 


34 Astronautics / September 1961 


S A SCIENTIFIC experiment, the Ranger Project requires ground- 
A support equipment capable of providing near-optimum com- 
munication and tracking capabilities. Both the received radio- 
signal frequency and spacecraft angle-tracking data are required for 
the measurement of spacecraft velocity and position, and radio 
communication is required for the transmission of telemetering data 
and of commands. The accuracy and precision of the tracking and 
communications equipment determine to a large extent the validity 
of the experimental data obtained. 

The NASA Deep Space Instrumentation Facility (DSIF) is a 
scientific instrument specifically designed and continually updated 
to provide state-of-the-art tracking and communications capabilities 
for space probes. As such, it is a basic part of the instrumentation 
and control system of the Ranger experiment. The DSIF can main- 
tain continuous communication with the space vehicle, using three 
stations located at approximately equal intervals around the world. 
Permanent Deep Space Stations (DSS) are located at Goldstone, 
Calif.; Woomera, Australia; and near Johannesburg, South Africa. 
In addition, a Mobile Tracking Station is located near the Johannes- 
burg Tracking Station close to the injection point of the spacecraft 
for the Ranger Project. The chart on page 35 shows the visibility 
horizon of each DSS for different space-vehicle altitudes. 

Each of the Deep Space Stations of the DSIF is operated by per- 
sonnel provided by cooperating agencies of the respective country. 
The Woomera Tracking Station is operated by personnel of the 
Australian Department of Supply, and the Johannesburg Tracking 
Station is operated by personnel of the National Institute for Tele- 
communications Research of the South African Council for Sci- 
entific and Industrial Research. The Goldstone Tracking Station 
and the Mobile Tracking Station are operationally supported by 
Bendix Corp. under JPL contract. JPL is responsible to NASA for 
the development and fabrication of the stations and for the technical 
coordination and liaison necessary to perform each tracking and 
communications mission. 

Each permanent DSIF station consists of an 85-ft-diam polar- 
mount antenna, an electrohydraulic servosystem, an extremely 
sensitive tracking receiver, and data-handling and_telemetering 
equipment. A block diagram of a typical DSS appears on page 36 
The overseas stations at Woomera, Australia, and Johannesburg, 
South Africa, are similar to this basic configuration. The Goldstone 
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Left, block diagram of typical DSIF Station and, right, the 85-ft Polar-Mount Antenna of Johannesburg 


Station has, in addition to an 81-ft-polar-mount (HA- 
Dec) antenna, an 85-ft altazimuth (Az-E]) antenna, 
shown in the photos above and on page 35. For 
command and two-way doppler purposes, ‘this Az- 
El antenna installation incorporates a 200-watt 
diplexed transmitter in addition to the standard 
receiver system. The Goldstone Station, besides 
being used for tracking operations, is also used for 
communications-system research and development 
and for the development of new DSIF equipment. 
New or improved equipment is tested at Goldstone 
before being installed at the overseas stations. 


Keeps Antenna Pointed at Probe 


The primary tracking function of the DSIF is to 
keep the antenna pointed toward the space probe, 
so that continuous RF communications can be 
maintained. Acquisition of the target is accom- 
plished either by pointing the antenna according to 
the precalculated ephemeris or, if desired, by using 
a search pattern. Two search patterns are available 
at hour-angle-declination antenna installations: a 
spiral scan, which causes the antenna to spiral out- 
ward from some initial preset angle coordinates, or 
a sawtooth scan, which causes the antenna to sweep 
back and forth across a rectangular area. The spiral 
scan will not be used at these stations for the Ranger 
mission, and the sawtooth scan will be used only 
for acquisition when the probe comes over the 
horizon. 

Once the probe has been “acquired,” the an- 
tenna tracks it automatically using a phase-locked 
simultaneously lobing system. The angle of the 
antenna with respect to the signal source is deter- 
mined by adding and subtracting the signals re- 
ceived by each of the four overlapping lobes of the 
antenna pattern. The sum and difference signals 
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are then compared in both amplitude and phase and 
the resulting signals are introduced into the three- 
channel tracking receiver. 

The DSIF stations incorporate a highly stable 
narrow-band double-conversion receiver which can 
be phase-locked to the spacecraft transmitter fre- 
quency. The receiver provides the information 
necessary for precise measurement of signal fre- 
quencies, for angular tracking of the signal source, 
and for detection of the phase-modulated tele- 
metered data. The receiver contains three channels: 
a reference channel and two angle-error channels. 
The reference signal is used to obtain doppler, 
telemetry, and signal characteristics for recording 
and contains the phase-lock loops for frequency 
mixing and the phase reference and AGC control 
for all three channels. The two angle-error channels 
produce signals which are proportional to the error 
of the antenna-pointing angle. These error signals 
are fed to the servo-control system and position the 
antenna for automatic tracking of a received signal. 
A semiautomatic acquisition-control assembly is in- 
corporated in the receiver to facilitate synchroniza- 
tion of the receiver frequency to that of the space- 
vehicle transmitter. 

Since all three of the DSIF stations are utilized 
on a space-probe mission, a teletype communica- 
tions net has been established between the stations 
and JPL. The communications net is required for 
the coordination of effort required for the conduct of 
each mission and provides a means for transmitting 
technical data; the teletype net is also used to trans- 
mit tracking, scientific, and engineering data to a 
Central Computing Facility. This facility is located 
at JPL and computes the ephemerides and predic- 
tion data and mid-course maneuver requirements 
for the spacecraft, and processes scientific and engi- 
neering data from the stations. 

The nominal durations for the Ranger 1 and 2 
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missions are 150 days, and for the majority of the 
time the DSIF will provide 16 to 20 hr of tracking 
coverage per day, using two stations each day. 
Each of the three permanent DSIF stations will 
operate on a one-day-off, two-day-on schedule. The 
DSIF will provide tracking information and raw 
telemetry information; and, in addition, the Gold- 
stone Tracking Station will have the capability of 
transmitting commands to the spacecraft when re- 
quired. 

The DSIF data records will be shipped to JPL 
for analysis and reduction. The more important of 
these records will be the teletype tape and the page- 
printer copy of the tracking data and the magnetic- 
tape record of the telemetry data. The critical na- 
ture of certain data during portions of the mission, 
however, will require real-time or near-real-time 
teletype transmission of some data. These data, 
which are to be transmitted to the Central Com- 
puting Facility, will be processed in real time or 
near-real time for teletype transmission, and will be 
labelled with identification parameters. 

During the first three days of these missions, 
when the DSIF is providing 24-hour coverage, the 
tracking data and selected engineering telemetry 
measurements will be transmitted in real time or 
near-real time. After the first three days, when the 
DSIF coverage has been reduced and the spacecraft 
orbit and operation have been evaluated, the scien- 
tific telemetry data will have priority and will be 
transmitted in real time. The tracking data, con- 
sisting of time-labelled antenna-pointing angles and 
a doppler-frequency measure, are recorded in a for- 
mat suitable for teletype transmission. The telem- 
etry data will be transmitted via teletype by using, 
in the case of the scientific data, an encoder which 
records the data in a format suitable for teletype 
transmission and, in the case of the engineering 
data, by transcribing into a teletype format selected 


Typical spacecraft-to-Earth communications 
capability for Ranger 1 and 2. 
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data from the digital printout of the engineering 
telemetry decommutator. 

The doppler-tracking data provided by the DSIF 
will be of two general types: a one-way doppler 
measurement, in which the signal from the space- 
craft is derived from the oscillator in the spacecraft, 
and a two-way measurement, in which the space- 
craft signal is a coherent multiplication of the trans- 
mission from a ground station. For the Ranger 1 
and 2 missions, the only station with two-way 
doppler capability is the Goldstone Station. At 
Woomera and Johannesburg only one-way doppler 
data are available. 


Employs Two Frequencies 


The DSIF-spacecraft two-way communications 
system installed at Goldstone employs two separate 
frequencies: one for transmission to the spacecraft 
and one for reception from the spacecraft. The use 
of two frequencies is necessary because two-way 
doppler cannot be obtained using a single fre- 
quency. The actual selection of the frequencies, 
however, is governed by diplexer and antenna con- 
siderations. If the frequencies differ by less than 
6%, the diplexer cannot separate the transmitted 
and received frequencies; and if they differ by more 
than 10%, the use of a single antenna for both fre- 
quencies is difficult. The DSIF transmits 890 mc to 
the space vehicle. The spacecraft transponder re- 
ceives this signal, multiplies it by 96/89, and re- 
transmits 960 mc back to Earth. 

The primary advantage of a two-way system is 
the increase in the accuracy of frequency measure- 
ments for doppler detection. The DSIF doppler- 
detection system references the measured frequency 
of the received signal to the transmitted frequency 
in the case of two-way (CONTINUED ON PAGE 70) 


Typical Earth-to-spacecraft communications 
capability for Ranger 1 and 2. 
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i IAF Congress program announced | 


16 Technical Sessions planned . . . Academy of Astronautics, Institute 


of Space Law to meet . . . Social events, special ladies’ program set 


one PROGRAM for the XIIth International Astronauti- 
cal Congress, to be held the week of Oct. 2-7 at the 
Marriott Twin Bridges Motor Hotel in Washington, 
D.C., was announced last month by Samuel Herrick, 
chairman of the Congress Committee. The American 
Rocket Society will act as host society, in cooperation 
with the two other American members of the Interna- 
tional Astronautical Federation—the American Astro- 
nautical Society and the Aero-Space Medical Assn.— 
for the meeting, the first IAF Congress to be held in 
the U.S. 

All of the Technical Sessions, the meetings of the 
International Academy of Astronautics and Institute of 
Space Law, and the banquet will be held at the Mar- 
riott. Receptions and other social events will be held 
at various sites in downtown Washington. 

The meeting is expected to draw an attendance of 
more than 750 delegates from some 30 IAF member 
societies from all parts of the world. Leonid I. Sedov 
of the USSR Academy of Sciences is president of the 
IAF. 

The 16 Technical Sessions will bring together more 
than 100 authors and panelists, who will cover such 
topics as astrodynamics and guidance, space propul- 
sion, energy conversion, space physics, combustion, 
bioastronautics, space communications, vehicles, and 
structures. In addition, morning and afternoon ses- 
sions on Friday, Oct. 6, will be reserved for general 
papers which do not fall into any of these categories. 
Technical sessions will be held on Tuesday, Wednes- 
day, and Friday. 

The Congress will be officially opened at a special 
ceremony to be held at 5 p.m. on Monday afternoon, 
Oct. 2, in the auditorium of the Smithsonian Institution 
Natural History Museum. Plenary sessions will be 
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held Monday morning and afternoon and Friday morn- 
ing at the Georgetown Univ. Institute of Languages 
and Linguistics, where special IBM equipment will be 
available for immediate translation of the proceedings. 
The International Academy of Astronautics will meet 
Tuesday morning, while the International Institute of 
Space Law has scheduled morning and afternoon ses- 
sions Tuesday and Wednesday. The Ad Hoc Life Sci- 
ences Committee will meet Monday afternoon. A full 
schedule of IAF Committee meetings will be an- 
nounced prior to the Congress. 

In addition to the technical program, a social pro- 
gram and a special ladies’ program have been arranged. 
An ARS National Capital Section meeting for regis- 
trants will be held Sunday evening, while AFOSR and 
NASA will host receptions on Monday and Tuesday 
evening. A reception at ‘the National Gallery is 
planned on Wednesday evening, while Thursday will 
be devoted to the boat trip—this year to Mount Vernon 
—which has become a tradition at IAF Congresses. An 
ARS National Capital Section reception will precede 
the banquet on Thursday evening. A special field trip 
to the NASA Goddard Space Flight Center has been 
planned for Saturday morning. 

In addition, a Hospitality Suite will be open to regis- 
trants at the Marriott during the meeting. 

The ladies’ program includes a sightseeing tour of 
the city, a White House tour, a tea at the Washington 
International Center, and visits to a number of private 
homes in the city. 

Bus transportation will be available to take delegates 
to and from the various parts of the city where the dif- 
ferent events are scheduled. 

The complete IAF Congress technical program is as 
follows: 


RE 


Tuesday, October 3 
SPACE PROPULSION 


9:00 a.m. Persian Ballroom I 


Chairman: Frank E. Rom, Lewis Research 
Center, National Aeronautics and Space 
Administration, Cleveland, Ohio. 

+Propulsion of the Final Stage of a Satellite 

Launcher Using Liquid Hydrogen as Fuel, A. 

W. T. Mottram, Bristol Siddeley Engines, 

Ltd., Coventry, Warwickshire, England. 

4Summary of U.S. Nuclear Rocket Program, 

Harold B. Finger, National Aeronautics and 

Space Administration, Washington, D.C. 

+Note Sur Les Systemes De Propulsion 

Spatiale A Source D’Energie Separee et a 

Vitesse D’Ejection Elevee, P. Blanc, Societe 

Francaise D’Astronautique, Paris, France. 

+An Examination of the Characteristics of 

Propulsion Systems for Interorbital Transfer, 

P. A. E. Stewart, Hawker Siddely Aviation 

Ltd., Bristol, England. 

+Optimisation de la Propulsion Trans- 

Satellite, J. Martelly, Paris, France. 


ASTRODYNAMICS AND GUIDANCE 
ROUNDTABLE’ 
9:00 a.m. Potomac Ballroom 
Chairman: Robert M. L. Baker Jr., Univ. of 

California, Los Angeles, Calif. 

It is tentatively planned to present a 
roundtable discussion on the Determination 
of the Astronomical Units by the Americans 
and Russians and a panel discussion of the 
Application of Optimization Theory to Astro- 
dynamics. 


FOURTH COLLOQUIUM ON THE LAW 
OF OUTER SPACE 


International Institute of Space Law 
Session I 


9:00 a.m. Persian Ballroom II 
Chairman: Michel S. Smirnoff, Foreign Trade 
Research, Institute, Belgrade, Yugoslavia. 
+Sharing the Wonders of Space, Victor L. 
Anfuso, House of Representatives, Washing- 
ton, D.C. 
+The Morphology of Justice in the Space 
Age, Fritz Zwicky, California Institute of 
Technology, Pasadena, Calif. 
+Outer Space—The Key to World Peace 
Under Law, David F. Maxwell, American 
Bar Association, Philadelphia, Pa. 
+ Metalaw—The Science of Universal Juris- 
prudence, Andrew G. Haley, Haley, Wollen- 
berg & Bader, Washington, D.C. 
+Some Legal Aspects of Corporate Activites 
in Space, C. Wilford Jenks, International 
Labour Office, Geneva, Switzerland. 
Certain Aspects of the Question of Innocent 
Passage of Space Vehicles, Jacek Machowski, 
Permanent Mission to the United Nations, 
New York, N. Y. 
+The Social Impact of Communications 
Satellites, Arthur C. Clarke, Clarke-Wilson & 
Associates, Colombo, Ceylon. 


FOURTH COLLOQUIUM ON THE LAW 
OF OUTER SPACE 
International Institute of Space Law 

Session II 
2:30 p.m. Persian Ballroom II 


Chairman: C. Wilford Jenks, International 
Labour Office, Geneva, Switzerland. 
Vice-Chairman: Franco’ Fiorio, Consul 


General, Republic of San Marino, Wash- 
ington, D. C. 
+Anticipating Remote Contingencies: En- 
counters with Living Forms, Harold D. Lass- 
well, Yale Univ. Law School, New Haven, 
Conn. 
+The Role of International Organization in 


Developing The Law of Outer Space, Oscar 
Schachter, General Legal Div., United 
Nations, New York, N. Y. 

+The Problem of Interpreting Attitudes 
Toward Space Activities, Donald N. Michael, 
Peace Research Institute, Washington, D.C. 
+Space Law—Point of View of a Small 
Country, Franco Fiorio, Consul-General, 
Republic of San Marino, Washington, D.C. 
Sovereignty in Outer Space, Welf Heinrich, 
Prince of Hanover, Frankfurt/Main, Ger- 
many. 

+The Legal Problems of Demilitarization 
and Neutralization of Outer Space, Vladimer 
Kopal, Czechoslovakian Academy of Scien- 
ces, Prague, Czechoslovakia. 

+The Applicability of the Organization of 
the International Atomic Energy Agency to 
Space Activities, Eilene Galloway, U.S. 
Senate, Washington, D. C. 

+The Problem of Applying Terrestrial Law 
in Outer Space, Hassan Safavi, Ministry of 
Roads, Teheran, Iran. 

+The Legal Status of the Astronaut, Aldo 
Armando Cocca, Estudio Juridico de los 
Dres, Buenos Aires, Argentina. 


ENERGY CONVERSION 


2:30 p.m. Persian Ballroom I 


Chairman: Abe M. Zarem, Electro-Optical 
Systems, Inc., Pasadena, Calif. 


+Development of Nuclear Power in the 
United States for Space Applications, Lt. Col. 
Guveren M. Anderson and Cmdr. Donald L. 
Jarrell, Snap Branch, Atomic Energy Com- 
mission, Washington, D.C. 

+#Dynamic Flight Vehicle Power Systems, 
George Sherman, Aeronautical Systems Div., 
Air Force Systems Command, Wright-Pat- 
terson AFB, Ohio. 

+Fuel Cell Progress, Programs, and Prob- 
lems, Ernst Cohen, Army Research Office, 
Washington, D.C. 

¢+High Drain Fuel Cells Operating at Am- 
bient Temperatures, Eduard W. Justi and 
August W. Winsel, Technische Hochschule, 
Braunschweig, Germany. 

Solar Direct Conversion Power Systems, 
William C. Cooley and Walter C. Scott, Na- 
tional Aeronautics and Space Administration, 
Washington, D.C. 

+Space Power Sources by Thermoelectric 
and Thermionic Emission Processes, Paul H. 
Egli, U.S. Naval Research Laboratory, Wash- 
ington, D.C. 


ASTRODYNAMICS AND GUIDANCE 


2:30 p.m. 


Chairman: Robert M. L. Baker Jr., Univ. of 
California, Los Angeles, Calif. 


Potomac Ballroom 


This session will include a mixture of short, 
invited papers, contributed papers, and round- 
table discussions on the following topics: 
1 Rendezvous: Orbital and Guidance 
Problems 

2 Orbit Selection, Modification and 
Guidance Problems 

3 Attitude Stabilization 

4 Selection of Parameters for Peturbation 
Integration 

5 Orbit Determination 

6 Geodesy 

7 Stability of Special Orbits 

8 Trajectory Integration 
Participants: 

Dirk Brouwer, Yale Univ., New Haven, 

Conn. 

Zdenek Kopal, Univ. of Manchester, 

Manchester, England. 

George Leitmann, Univ. of California, 

Berkeley, Calif. 

Samuel Herrick, Univ. of California, Los 

Angeles, Calif. 

(Additional participants to be announced) 


FOURTH COLLOQUIUM ON THE LAW 
OF OUTER SPACE 


International Institute of Space Law 
Session III 
7:30 p.m. 


Chairman: Oscar Schachter, General Legal 
Div., United Nations, New York. 

Vice-Chairman: Vladimir Kopal, Czechoslo- 
vakian Academy of Sciences, Prague, 
Czechoslovakia. 


Persian Ballroom II 


+The Space Age Challenges Behavioral 
Sciences: Some Problems and Implications, 
William E. Noland, Institute for Research in 
Social Sciences, Chapel Hill, N. C. 

+The Legal Nature of Celestial Bodies, 
Ernst Fasan, Defense Attorney, Neunkirchen, 
Austria. 

+ Legal Problems of Outer Space as a Factor 
in World Peace and Progressive Science, 
Todor Gabrovski, Sofia, Bulgaria. 
Aggressive Uses of Space Vehicles—The 
Remedies in International Law, Nicholas N. 
Kittrie, U.S. Senate, Washington, D. C. 
Space Law as an Element of Understanding 
Among the Peoples on Earth, Michel 8. 
Smirnov, Foreign Trade Research Institute, 
Belgrade, Yugoslavia. 

+Astronautics As An Accelerating Force in 
Social Change, James Stephen Hanrahan, 
Aeronutronic, Div. Ford Motor Co., Newport 
Beach, Calif. 

Jurisdiction Over Land Masses in Space, 
Martin Menter, Federal Aviation Agency, 
Washington, D. C. 

¢#Can Individual Nations Obtain Sover- 
eignty Over Celestial Bodies? Julian G. Ver- 
plaetse, Heirenthoek, Landegem, Belgium. 


Wednesday, October 4 
EXPLORATION OF THE SOLAR SYSTEM 
BY RADAR AND RADIO ASTRONOMY— 

SESSION I 


Lee, Potomac, and Arlington Rooms 
9:00 a.m. 


Chairman: Herbert Friedman, U.S. Naval 
Research Laboratory, Washington, D.C. 


The Moon 


+Radar Mapping, G. Pettengill, Massa- 
chusetts Institute of Technology, Lincoln 
Laboratories, Cambridge, Mass., and R. L. 
Leadabrand, Stanford Research Institute, 
Stanford, Calif. 

+Lunar Orbit, B. Yaplee, Naval Research 
Laboratory, Washington, D.C. 

+Pencil Beam Radiometry, David Cuda- 
back, Stanford Univ., Stanford, Calif. 
+Eclipse Radiometry, J. E. Gibson, Naval 
Research Laboratory, Washington, D.C. 
+Radio Characteristics of Lunar Surface 
Material, K. M. Siegel, Univ. of Michigan, 
Ann Arbor, Mich. 

+Mercury, Mars, Saturn Radiometry, F. 
Haddock, Univ. of Michigan, Ann Arbor, 
Mich. 


Venus 


+Radar, G. Pettengill, Massachusetts In- 
stitute of Technology, Lincoln Laboratories, 
Cambridge, Mass., and E. Rechtin, Jet Pro- 
pulsion Laboratory, California Institute of 
Technology, Pasadena, Calif. 

+Radiometry, C. Mayer, Naval Research 
Laboratory, Washington, D.C. 


BIOASTRONAUTICS—SESSION I 
9:00 a.m. 


Co-Chairmen: Gustav Schubert, Physiologi- 
eal Institute, University of Vienna, Vienna, 
Austria. 

Rodolfo Margaria, Instituto de Fisiologia 
Umana, Universita di Milano, Milano, 
Italy. 


+ Regeneration: 


Persian Ballroom I 


Chemical or Biological, 
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Denzel L. Dyer, Space Biotechnology Sec- 
tion, The Martin Co., Baltimore, Md. 
+Bio-Engineering Investigation of Inte- 
grated Physico-Chemical Life Support Sys- 
tem Concepts, Edward L. Hayes and Roland 
A. Bosee, Air Crew Equipment Laboratory, 
Naval Air Materiel Center, Philadelphia, Pa. 
Support System—Slave or Master?, 
Robert K. Ames, Aerospace Div., The Boeing 
Co., Seattle, Wash. 

Influence of Lunar and Zero Gravity Upon 
Germination and Growth of Plants, W. Tauf- 
man, Space, Environment, and Life Sciences, 
Republic Aviation Corp., Farmingdale, N.Y. 
+ Mars as an Object of Exploration and Set- 
tlement, Wells A. Webb, Hexcel Products, 
Inc., Berkeley, Calif. 

#On the Possible Existence of Intelligent 
Living Beings on Other Planets, Rodolfo 
Margaria, Instituto de Fisiologia Umana, 
Universita de Milano, Milano, Italy. 
+lffects of a Steady Magnetic Field on 
Cerebellar Centers for Equilibrium and 
Orientation, Torquato Gualtierotti, Labora- 
torio de Fisiologia Umana, Universita de 
Milano, Milano, Italy. 


TRENDS IN COMBUSTION RESEARCH 
RESULTING FROM 
EXPLORATION IN SPACE 


9:00 a.m. 


Chairman: Peter L. Nichols, Space Sciences 
and Propulsion Div., Stanford Research 
Institute, Menlo Park, Calif. 


+Combustion Instability in Solid Rockets, 
F. T. McClure, R. W. Hart, and J. F. Bird, 
Applied Physics Laboratory, The Johns 
Hopkins University, Silver Spring, Md. 
+The Role of Combustion Research in 
Rocket Propulsion, 8. 8. Penner, Jet Propul- 
sion Laboratory, California Institute of 
Technology, Pasadena, Calif. 

+#Chemical Detonations in the Upper At- 
mosphere, K. M. Foreman and P. Wilson, 
Plasma Propulsion Project, Republic Avia- 
tion Corp., Farmingdale, N.Y. 

+Atomic Reactions in the Upper At- 
mospheres of Earth, Mars, and Venus, 
Charles Barth, Jet Propulsion Laboratory, 
California Institute of Technology, Pasadena, 
Calif. 


Persian Ballroom II 


FOURTH COLLOQUIUM ON THE LAW 
OF OUTER SPACE 


International Institute of Space Law 
Session IV 
9:00 a.m. 
Chairman: John Cobb Cooper, International 
Law Association, Princeton, N. J. 
Vice-Chairman: Antonio Ambrosini 
+#Working Group III 
Michel 8. Smirnov, Foreign Trade Research 
Institute, Belgrade, Yugoslavia 
Discussion Group 


South Room 


Antonio Ambrosini John A. Johnson 
Andrew G. Haley Alex Meyer 
+Working Group VI, Eugene Pepin, Paris, 
France. 

¢#Working Group VII, Andrew G. Haley, 
Haley, Wollenberg & Bader, Washington, 
DG. 

+Working Group VIII, Robert Homburg, 
Paris, France. 

¢#Working Group IX, Spencer M. Beres- 
ford, U. 8S. House of Representatives, Wash- 
ington, D.C. 


FOURTH COLLOQUIUM ON THE LAW 
OF OUTER SPACE 


International Institute of Space Law 
Session V 


2:30 p.m. South Room 
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Chairman: John Cobb Cooper, International 
Law Association, Princeton, N. J 
Vice-Chairman: Alex Meyer, Univ. of Co- 
logne, Cologne-Lindenthal, Germany. 
Working Group I, John Cobb Cooper, 
International Law Association, Princeton, 
N.J. 
+The Search for Agreement on the Rule of 
Law in Outer Space, Beatty A. Rosevear, 
McGill Univ., Montreal, Canada. 
+Exploration of Outer Space and Neutrality, 
Alex Meyer, Univ. of Cologne, Cologne- 
Lindenthal, Germany. 
+The Space Age and National Power, Jiri 
Nehnevajsa, Univ. of Pittsburgh, Pittsburgh, 
Pa. 
¢#Space Law and National Boundaries, 
Ronald Christensen, IBM World Trade 
Corp., New York, N. Y. 


EXPLORATION OF THE SOLAR SYSTEM 
BY RADAR AND RADIO ASTRONOMY— 
SESSION II 


Lee, Potomac, ard Arlington Rooms 
2:30 p.m. 
Chairman: Herbert Friedman, U.S. Naval 

Research Laboratory, Washington, D.C. 

Jupiter 
Radiation Belts, Gordon Stanley, Califor- 
nia Institute of Technology, Pasadena, Calif. 
+#Non-Thermal Emission, F. D. Drake, Na- 
tional Radio Astronomy Observatory, Green 
Bank, W. Va., and J. Warwick, High Altitude 
Observatory, Climax, Colo. 
+Meteors, T. R. Kaiser, Univ. of Sheffield, 
Sheffield, England. 
Solar Radar, V. R. Eshleman, Stanford 
Univ., Stanford, Calif. 


Future Experiments 

Large Antennae, E. McClain, U.S. Naval 

Research Laboratory, Washington, D.C. 

+#Space Vehicles, EK. Lilley, Harvard Univ., 

Cambridge, Mass., and F. Haddock, Univ. of 

Michigan, Ann Arbor, Mich. 

+Incoherent Scatter-Radar, K. Bowles, 

Central Radio Propagation Laboratory, 

Boulder, Colo. 

Discussants: 

R. Gallet, Central Radio Propagation Lab- 
oratory, Boulder, Colo. 

T. Gold, Cornell Univ., Ithaca, N.Y. 

R. Jastrow, National Aeronautics and Space 
Administration, New York, N.Y. 

Z. Kopal, Univ. of Manchester, Manchester, 
England. 

M. Nicolet, Institute Royal Meteorologique 
de Belgique, Uccle, Brussels, Belgium. 

IX. Opik, Univ. of Maryland, College Park, 
Md. 

C. Sagan, Univ. of California, Berkeley, Calif. 

S. F. Singer, Univ. of Maryland, College 
Park, Md. 


BIOASTRONAUTICS—SESSION II 
2:30 p.m. Persian Ballroom I 


Co-Chairmen: R. Grandpierre, Centre di 
Enseignement et de Recherches de Mede- 
cine Aeronautique, Paris, France. 

Capt. Ashton Graybiel, U.S. Naval School 
of Aviation Medicine, Pensacola, Fla. 


+Psychophysiology, Lt. Col. David G. 
Simons, School of Aerospace Medicine, USAF 
Aerospace Medical Center, Brooks AFB, Tex. 
+Psycho-Physiological Reactions to Weight- 
lessness as Observed on Subjects During Re- 
cent Bioballistic and Biosatellite Experi- 
ments, Harald J. von Beckh, Aeromedical 
Field Laboratory, Air Force Missile Develop- 
ment Center, Holloman AFB, N.M. 
¢Information Filtering in Quick-Reaction 
Human Monitored Systems, Norman 8. Pot- 
ter, Maxson Electronics Corp., New York, 
N.Y 


+Analysis of Missions of Multi-Man Space 
Crews in Relation to time in Space and Space 
Task Performance, Julius Peters, Republic 
Aviation Corp., Farmingdale, N.Y. 

+Flight Safety Systems for Advanced 
Manned Space Missions, T. F. Heinsheimer, 
General Dynamics/ Astronautics, San Diego, 
Calif. 


HIGH PERFORMANCE COMBUSTION 


SYSTEMS 
(Panel) 
2:30 p.m. Persian Ballroom II 
Moderator: Martin Summerfield, Princeton 


Univ., Princeton, N.J. 

The purpose of this panel discussion is to 
point out some combustion problems of cur- 
rent importance in high speed propulsion sys- 
tems employing chemical fuels. In general, 
the prepared discussions are expected to in- 
dicate the present state of knowledge, the im- 
portant unsolved problems, and some 
promising directions for research that may 
lead to useful solutions. Participation by 
the audience on an international basis will be 
encouraged. 


Friday, October 6 
SPACE COMMUNICATIONS 


ROUNDTABLE 
9:00 a.m. Persian Ballroom I 
Chairman: Eberhardt Rechtin, Jet Propul- 


sion Laboratory, California Institute of 
Technology, Pasadena, Calif. 


+#Colidar, a Light Radar, George F. Smith, 


Hughes Research Laboratories, Malibu, 
Calif. 
¢#Ultracom, Ultraviolet Communications, 


J. W. Ogland, Westinghouse Electric Corp., 
Baltimore, Md. 

#Gamma Ray Communications, J. W. 
Eerkens, Aerospace Corp., Los Angeles, Calif. 
¢Measurement of Very Low Frequency 
Propagation by Lofti I Satellite, J. P. C. 
Leiphart, U.S. Naval Research Laboratories, 
Washington, D.C. 

Light Communications, G. C. B. Garrett, 
Bell Telephone Laboratories, Murray Hill, 


VEHICLES 


9:00 a.m. Persian Ballroom II 


Chairman: Edwin G. Czarnecki, Boeing Co., 
Seattle, Wash. 

Vice-Chairman: Max L. Williams, Guggen- 
heim Aeronautical Laboratory, California 
Institute of Technology, Pasadena, Calif. 

Blue Streak as First Stage of a Satellite 

Launcher, G. K. C. Pardoe, The de Havilland 

Aircraft Co., Ltd., London, England. 

Manned Rocket Vehicle, Mercury- 

Redstone, E. P. Bertram, National Aero- 

nautics and Space Administration, Cape 

Canaveral, Fla., and J. P. Kuettner, George 

C. Marshall Space Flight Center, National 

Aeronautics and Space Administration, 

Huntsville, Ala. 

«Comparison of Lunar and Martian Mission 

Requirements and Payload Conversion 

Factors, H. H. Koelle, George C. Marshall 

Space Flight Center, National Aeronautics 

and Space Administration, Huntsville, Ala. 

Structures for Solid Propellant Motors, 

Col. B. Dorleac, Sereb, Paris, France. 


(CONTINUED ON PAGE 80) 


Space Flight Report to the Nation Interim Report 


U.S. space-flight program in review 


200 exhibits planned for Coliseum . . . Mercury capsule, full-scale 


Saturn booster and F-1 engine, communications and weather satellites, 


and Dynasoar and Snap-2 scale models to be among highlights 


By Lawrence Craner Jr. 


ARS EXHIBITS MANAGER 


HE ASTRONAUTICAL ExposiTION at the ARS SPACE FLIGHT RE- 

PORT TO THE NATION, to be held at the New York Coliseum 
October 9-15, is already shaping up as the largest exhibit of space- 
flight systems, subsystems, components, equipment, materials and 
processes ever held. 

More than 200 exhibitors will have displays at the Exposition, 
which will spread over three entire floors of the Coliseum, and which 
has been planned to allow the 15,000 scientists and engineers who 
will attend the meeting, as well as the public, to witness a full-scale 
review of the U.S. space program. 

In addition to the spectacular NASA exhibit, focal point of the 
displays on the main floor of the Coliseum, where full-scale mock- 
ups and scale models of present and future NASA vehicles and 
spacecraft will be spotlighted, eye-catching exhibits, especially pre- 
pared for the Exposition, are being arranged by a number of com- 
panies. 

For example, North American Aviation will show a full-scale 
mockup of the 1.5-million-Ib-thrust, single-chamber F-1 engine for 
the Nova vehicle, while its Rocketdyne Div. will exhibit a full-scale 
Saturn engine cluster. Bell Telephone Systems will display working 
models of advanced communication satellites, and will suspend an 
Echo satellite model above its exhibit and bounce radio signals off it 
and return them to receivers in the booth to demonstrate how a 
worldwide satellite communications system might work. RCA will 
perform a similar experiment using the Tiros weather satellite, with 
Tiros TV cameras scanning the entire main floor of the Coliseum and 
transmitting the image to TV receivers in its booth. 

Project Mercury will have a prominent place in a number of 
exhibits. NASA will display a cutaway Mercury capsule, as well 
as a 40-ft panel graphically depicting the engineering research in- 
volved in development of the capsule. McDonnell Aircraft will ex- 
hibit a full-scale capsule, complete with escape tower, and the con- 
tour couches used in the Mercury suborbital flights of Alan Shepard 
and Gus Grissom and in the successful flight of Ham, the monkey. 
The McDonnell booth will also feature a color movie showing 
astronaut Shepard during his flight. 

Mercury will also be featured in two special displays designed to 
inform New Yorkers of SFRN. A Mercury capsule contributed by 


Mercury-Redstone rocket will be 
on display at Columbus Circle, re- 
named “Space Flight Circle,” adja- 
cent to Coliseum, during week-long 
meeting. 
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McDonnell will be available for inspection by the 
public in Times Square, renamed “Space Flight 
Square” for the occasion, from Oct. 2 to Oct. 15. 
Also, a full-size Redstone rocket, with the Mercury 
capsule and escape tower in place, will be displayed 
in Columbus Circle, adjacent to the Coliseum, and 
rechristened “Space Flight Circle,” for the week-long 
meeting. 

The GE exhibit will feature a 15-ft display of 
quarter-scale satellites in orbit around earth, and a 
full-scale Advent communications satellite. Hughes 
will show a full-scale model of the Surveyor soft- 
landing lunar vehicle, while Thompson Ramo Wool- 
dridge will exhibit its “Image Converter” camera, 
with the fastest shutter ever built—three-billionths 


of a second—capable of taking photos of bullets 
in flight and providing a print in a matter of seconds. 
United Aircraft will show a cutaway mockup of the 
United Technology segmented solid rocket and the 
Pratt & Whitney RL-101 liquid hydrogen engine for 
Centaur. 

These are only a few of the more spectacular ex- 
hibits scheduled for the Exposition. Many more 
are still in the planning stages, such as scale models 
of systems such as Dynasoar, Snap-2, etc. 

All in all, the SPACE FLIGHT REPORT TO 
THE NATION Exposition is already shaping up as 
the most impressive look to date at where we stand 
in space. 


Partial List of Exhibitors 


Academic Press 

ACF Industries 

Acoustica Associates 

Aerojet-General Corp. 

Aeroquip Corp. 

Aeroscience, Inc. 

Aerospace Corp. 

Airborne Instruments Lab. Div. of 
Cutler-Hammer 

Aircraft & Missiles 

Allied Chemical 

Aluminum Co. of America 

Amcel Propulsion 

American Machine & Foundry Co. 

American Optical Co. 

Atlantic Research Corp. 

Avco Corp. 

Aviation Week 

Avica Corp. 

Ball Brothers Research 

Barber-Colman Co. 

Barnes Engineering Co. 

Beckman Instruments 

Beckman & Whitley 

Bell Aerosystems Co. 

Bell Telephone Systems 

Bendix Corp. 

Beryllium Corp. 

Black, Sivalls & Bryson, Inc. 

Blaw-Knox 

Boeing Co. 

Borg-Warner Controls Div. of 
Borg-Warner Corp. 

Bramley Machinery Corp. 

Brooks & Perkins 

Burroughs Corp. 

Callery Chemical Co. 

Chance-Vought Corp. (Astro Div.) 

Chandler Evans Corp. 

Chrysler Corp. (Defense Operations Div.) 

Curtiss Wright Corp. 

Designers for Industry 

Deutsch Fastener Corp. 

Donner Scientific Co. 

Douglas Aircraft Co. 

Edmund Scientific Co. 
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Electro-Optical Systems 

Electro Tec Corp. 

Electro-Thermal Industries 

Firewel Co. 

Flodyne Controls 

Garrett Corp. 

General Astrometals 

General Dynamics/ Astronautics 

General Electric Co., Missile & Space 
Vehicle Dept. 

General Electric Co. 

General Motors Corp. 

General Precision 

Globe Industries 

B. F. Goodrich Co. 

Grand Central Rocket Co. 

Grumman Aircraft Corp. 

Haveg Industries 

Heinicke Instruments Co. 

Hi-Shear Corp. 

Hughes Aircraft Co. 

IBM Federal System Div. 

Johns-Manville Sales Corp. 

Kollsman Instrument Corp. 

Lear, Inc. 

LeFiell Mfg. Co. 

Librascope Div. of General Precision 


Linde Co., Div. of Union Carbide Corp. 


Lionel Corp. 

Litton Systems 

Lockheed Missiles and Space Co. 
Lukens Steel Co. 

Magnaflux Corp. 

Marotta Valve Corp. 
Marquardt Corp. 

Martin Co. 

McCormick Selph Associates 
McDonnell Aircraft 

Metco 


Minneapolis-Honeywell Regulator Co. 


MSA Research 

National Research Corp. 
Naval Propellant Plant 
North American Aviation 
Northrop Corp. 
Ordnance Associates 


Packard Bell Computer Corp. 
Pergamon Press 
Perkin-Elmer Corp. 

Philco Corp. 

Plasmadyne Corp. 

Potter Aeronautical Corp. 
Prentice-Hall 

Radiation, Inc. 

Radio Corp. of America 
Raybestos-Manhattan 
Raytheon Co. 

Republic Aviation Corp. 
Resistoflex Corp. 


Rocketdyne Div. of North American Aviation 


Rocket Power, Inc. 

Rohr Aircraft Corp. 

Royal Research Corp. 
Schonstedt Engineering Co. 
Scientific American 
Scientific Industries, Inc. 
Sealol 

Space Aeronautics 

Space Age News 

Space Electronics Corp. 
Space Technology Laboratories 
Sperry Rand Corp. 
Stauffer Chemical Co. 
Sunstrand Aviation 

Taber Instrument Corp. 


Technology Instrument Corp. of Acton 


(Space Instrumentation Div.) 
Tempil Corp. 
Texaco Experiment, Inc. 
Thiokol Chemical Corp. 
H. |. Thompson Fiber Glass Co. 
Thompson Ramo Wooldridge 
Unilectron 
United Aircraft Corp. 
United Systems 
Vitro Corp. of America 
Walter Kidde & Co. 
Waugh Engineering Div. of Foxboro Co. 
Westinghouse Electric Corp. 
E. B. Wiggins Oil Tool Co. 
Wyman-Gordon Co. 
Wyle Laboratories 
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ARS Space Flight Report to the Nation 


OCTOBER 9—15, 1961 


Application For Hotel Accommodations 


Please fill out this application form completely and mail it to: 


Miss Sylvia Peltonen, Secretary 
ARS Housing Committee 


90 East 42 Street 


New York 17, N. Y. 


HOTEL SINGLE DOUBLE TWIN BEDS HOTEL SINGLE DOUBLE TWIN BEDS 

ABBEY, PARK LANE, 

151 West 51st St. 8.00- 9.00 10.50-12.50 12.50-14.50 299 Park Ave. 19.00 24.00 24.00 
*BARBIZON-PLAZA, *PARK-SHERATON, 

106 Central Pk. So. 13.50-15.50 17.50-21.50 7th Ave. & 55th St. 11.00-16.00 15.00-20.00 
*BARCLAY, *PIERRE, 

111 East 48th St. 15.50-21.50 23.50-27.50 2 East Elst St. 24.00-30.00 
*BELMONT PLAZA, *PLAZA, 
oSILT MORE, Ave. & 49th St. 8.50-16.00 14.00-19.00 16.00-20.00 Sth Ave. & 59th St. 23.00-30.00 

*ROOSEVELT, 
eMadison Ave. & 43rd St. 8.00-20.00 15.00-25.00 15.00-25.00 Madison Ave. & 45th St. 8.50-20.00 13.50-24.00 17.50-25.00 
*ST. MORIT 
A Ave. & 42nd St. 8.50-16.50 14.00-20.50 15.00-23.00 50 Central a So. 13.00-16.00 16.00-20.00 
.00-12.00 12.00-15.00 13.00-17.00 *SAVOY HILTON, 
5th Ave. & 58th St. 19.00 23.00 

228 W. 47th St. 8.00-11.00 13.00-18.00 15.00-21.00 *SHERATON-ATLANTIC, 

*ESSEX HOUSE, Broadway & 34th St. 9.00-14.00 13.00-17.00 14.00-18.00 
All Space Reserved *SUMMIT, 

GOVERNOR Lexington & 5lst St. 14.00-30.00 16.00-32.00 18.00-34. 
Are. St." 10.00-14.00 14.00-20.00 14.00-20.00 TAFT, 

7th Ave. & 5 

353 W. 57th 8.00-11.00 12.00-16.00 13.00-18.50 

9.00-14.00 14.00-18.00 15.00-18.50 301 Park Ave. 12.00-20.00 18.00-28.00 18.00-28.00 
*MAYFLOWER, *WARWICK, 

Central Pk. W. & Glst St. 12.00-16.00 14.00-17.50 18.00 22.00 

N 

sth Ave. 7 sath St. 8.00-14.50 11.50-18.00 15.50-20.00 7th Ave. & 55th St. 8.50-12.50 13.00-18.00 13.00-18.00 

ARAMOUNT WOODSTOCK, 
335 West 46th St. 8.00- 9.00 10.00-12.00 12.00-14.00 127 W. 43rd St. 7.00- 9.00 10.00-14.00 10.00-14.00 


Rates subject to 57% New York City tax on hotel rooms. 


*Suites available. For reservations contact housing bureau. 


Hotel Accommodations Desired. (it is necessary that five choices of hotels be listed below:) 


TYPE OF ROOM DESIRED 


INDICATE APPROXIMATE RATE AS SHOWN IN SCHEDULE 


CHOICE 


HOTEL 


1 PERSON 


SINGLE 


2 NS 


TWIN BEDS 
2 PERSONS 


Ast 


2nd 


3rd 


4th 


5th 


If accommodations are not available at any of the above hotels, reservations will be made at some other suitable hotel. 


Please list names, affiliations and desired accommodations for additional persons on separate sheet and attach to this form. 


NOTE: There will be an interval of several weeks before you can expect to receive a direct confirmation from 
the hotel accepting your reservation. Room numbers cannot be assigned by hotels until guests register on arrival. 


MAKE YOUR RESERVATION NOW 
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Initial group of 721 Senior Members 
named by ARS special committee 


FOLLOWING individuals have been selected by their names should they wish to use them as refer- 
a special committee to be the charter Senior Mem- ences. 

bers of the American Rocket Society. All Member The committee, which was appointed by the ARS 
grade ARS members are being sent Senior Member Board of Directors, was, of course, not able to name 
grade applications so that they may apply should all persons qualified for the new grade, but only 
they feel qualified. The names of all ARS Fellow those known to them. 

Members are also included in this listing so that New Senior Members’ names will be published in 
those applying for Senior Member grade may have Astronautics each month. 


Mac C. Adams 
Arthur P. Adamson 
Thomas C. Adamson Jr. 
Barnet R. Adelman 
H. Julian Allen 
David Altman 
Manfred Altman 
Adolph B. Amster 
Joseph A. Anderson 
David A. Anderton 
Pierce T. Angell 
Theos A. Angelus 
Francis L. Ankenbrandt 
Richard H. Anschutz 
R. Harvey Anselm 
Maurice L. Anthony 
Joseph W. Antonides 
Shepard M. Arkin 
Neil A. Armstrong 
Lee Arnold 

Leonard Arnowitz 
Holt Ashley 

Paul G. Atkinson Jr. 
John S. Attinello 

B. W. Badenoch 
Frederick L. Bagby 
Robert M. L. Baker Jr. 
George C. Baldwin 
Frank D. Banta 
John A. Barclay 
John E. Barkley 
Edward J. Barlow 
John L. Barnes 
Norman L. Barr 

W. L. Barrow 
Donald R. Bartz 
Robert C. Baumann 
Arthur R. Beach 
Edward L. Beckman 
Joseph G. Beerer 
Clair M. Beighley 
Leland F. Belew 
Elliot T. Benedikt 
William B. Bergen 
Abraham L. Berlad 
Abe Bernstein 

Carl William Besserer 
Austin W. Betts 
Arnold Birnbaum 


Raymond L. Bisplinghoff 
Vernon H. Blackman 
Hans H. Bleich 
Charles D. Bock 
Robert H. Boden 
Josef Boehm 
Seymour M. Bogdonoff 
John W. Bond Jr. 
Lyman G. Bonner 
Ralph B. Bowersox 
Albert Boyd 

George W. Brady 
Gerhard W. Braun 
Roland Breitwieser 
Claude W. Brenner 
William J. Brennan Jr. 
Philip E. R. Brice 
Robert M. Bridgforth Jr. 
James M. Bridger 
John F. Brinster 

Ben G. Bromberg 
Robert Bromberg 
Lawrence S. Brown 
Edmund A. Brun 
Cledo Brunetti 
Arthur E. Bryson Jr. 
Theodor A. Buchold 
Nathan N. Budish 
Rolf D. Buhler 
Harry W. Burdett Jr. 
Eric Burgess 

John J. Burke 

James L. Burridge 
Robert W. Bussard 
John P. Butterfield 
Hartwell F. Calcote 
Paul A. Campbell 
Richard B. Canright 
Dale M. Carpenter 
James M. Carter 
Tom B. Carvey Jr. 
Paul D. Castenholz 
Peter A. Castruccio 
William J. Cecka Jr. 
Richard S. Cesaro 
Chieh-Chien Chang 
George T. Y. Chao 
Dean R. Chapman 
Joseph V. Charyk 
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Sin I-Cheng 
Benjamin W. Chidlaw 
Allan Chilton 

Carl C. Clark 

John D. Clark 

John E. Clark 
Trevor Clark 

Milton U. Clauser 
Arthur V. Cleaver 
George H. Clement 
William H. Clohessy 
Richard J. Coar 
Bernard F. Coggan 
Dandridge M. Cole 
Archie T. Colwell 
Anthony L. Conrad 
Harvey M. Cook 
William C. Cooley 
Robert A. Cornog 
Logan B. Cowles 
George H. Craig 
Charles L. Critchfield 
Joseph W. Crosby 
Allman T. Culbertson 
Clifford I. Cummings 


‘Vincent J. Cushing 


Edwin G. Czarnecki 
Konrad K. Dannenberg 
Sidney Darlington 
Frank W. Davis 
Walter K. Deacon 

C. R. Decarlo 

Ralph S. Decker Jr. 
Emil L. DeGraeve 
Harold DeGroff 
Richard D. De Lauer 
Sterge T. Demetriades 
Robert B. Demoret 
James Raymon Dempsey 
Jacob P. Den Hartog 
John De Nike 


Alexander P. De Seversky 


Ralph W. Detra 
William W. Dick Jr. 
Robert B. Dillaway 
John H. Disher 

Allen F. Donovan 
James H. Doolittle 
Walter R. Dornberger 


William H. Dorrance 
Norris F. Dow 
Hubert M. Drake 
James F. Drake 
Rene E. Drew 
Hugh L. Dryden 
Gordon L. Dugger 
William M. Duke 
Allen B. DuMont 
Charles E. Durham 
Franklin P. Durham 
David C. Eaton 
Gerhard R. Eber 
Ernst R. G. Eckert 
Edwyn A. Eddy 
Theodore N. Edelbaum 
Rudolph Edse 
Krafft A. Ehricke 
John K. Elder 
Edward R. Elko 
Ben L. Ettelson 
Marjorie W. Evans 
John C. Evvard 
William C. Fagan 
Maxime A. Faget 
Philip F. Fahey Jr. 
Joseph Farber 
Milton Farber 
James S. Farrior 
Frank D. Faulkner 
Saul Feldman 
Norris Elliot Felt Jr. 
John B. Fenn 
Michael Ference Jr. 
Harry R. Ferguson 
Antonio Ferri 
Harry A. Ferullo 
Harold B. Finger 
Daniel J. Fink 
Frank W. Fink 
James H. Fisher 
Cliff E. Fitton Jr. 
John J. Flaherty 
Alexander H. Flax 
William A. Fleming 
James C. Fletcher 
Gen. Fleury 

Don Flickinger 
Harold L. Flowers 


Joseph V. Foa 
Richard G. Folsom 

A. Theodore Forrester 
Augustus H. Fox 


Edward E. Francisco Jr. 


Robert F. Freitag 
Joseph Friedman 

J. E. Froehlich 
Paul H. Furfey 
Robert D. Gafford 
A. John Gale 
Charles J. Gallant 
Benson E. Gammon 
James M. Gavin 
Joseph G. Gavin Jr. 
George R. Gehrkens 
Ernst D. Geissler 
Harry L. Gephart 
George Gerard 
Dimitrius Gerdan 
Arthur P. Gertz 
Frank R. Gessner Jr. 
Ivan Getting 

M. L. Ghai 

G. M. Giannini 
Robert R. Gilruth 
Homer T. Gittings Jr. 
Irvin Glassman 
Michael E. Gluhareff 
P. Whitson Godfrey 
Ray V. Godfrey 
Harry J. Goett 
Ernest A. Goetz 
Martin Goland 
Marcel J. E. Golay 
Peter C. Goldmark 
Martin Goldsmith 
Nicholas E. Golovin 
Calvin A. Gongwer 
Robert Gordon 
Heinz A. Gorges 
Harry M. Graham 
Leon Green Jr. 
Milton Greenberg 
Frederick Greene 
Leonard Greiner 
James T. Grey Jr. 
Jerry Grey 

Donald N. Griffin 
Robert S. Grisetti 
Alan R. Gruber 
Hans Gruene 
Aristid V. Grosse 
Charles W. Guy 
Fred T. Haddock 
Walter Haeussermann 
John P. Hagen 
Fred M. Hakenjos 
Ralph C. Hakes 
Albert C. Hall 
Bruce A. Hall 
Kimball P. Hall 
Percy Halpert 
Robert C. Hamilton 


Chauncey J. Hamlin Jr. 


Frederick C. Hansen 
S. Hansen 

Richard J. Harer 
Boyd W. Harned 
John V. Harrington 
Takeo Hatanaka 
John B. Hatcher 
Robert P. Haviland 
Edward J. Hayes 
Richard J. Hayes 
Wallace D. Hayes 
Webb E. Haymaker 
John T. Hayward 
Douglas W. Hege 
Douglas M. Heller 


Gerhard B. Heller 
Robert E. Henderson 
James P. Henry 
James P. Heppner 
Rudolf D. Hermann 
Samuel Herrick 
Rufus R. Hessberg Jr. 
George W. Hettrick 
Hall L. Hibbard 
Joseph O. Hirschfelder 
Fred A. Hitchcock 
Rudolf Hoelker 
Conrad E. Hoeppner 
George A. Hoffman 
Lawrence L. Hofstein 
Fred N. Holmquist 
Richard E. Horner 
Leo A. Huard 

Hans H. Hueter 
George F. Huff 
Clayton M. Huggett 
Maxwell W. Hunter 
John H. Huth 
Richard Hutton 
Dieter K. Huzel 
Abraham Hyatt 
Hector C. Ingrao 
Joel M. Jacobson 
Robert A. Jacobson 
Lee B. James 

G. Sargent Janes 
Archie B. Japs 

H. Powell Jenkins Jr. 
Frank B. Jewett Jr. 
Francis S. Johnson 
Robert L. Johnson 
Herrick L. Johnston 
H. Griffith Jones 
Howland B. Jones Jr. 
Leslie M. Jones 
Harold S. Jordan Jr. 
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“AT BOULDER, BEECH OPERATES A 

“TRANSIENT HEAT LABORATORY,” FIRST © 

ITS KIND IN AMERICA. IN THIS 6-STORY 

"HEAT TOWER,” LIQUID HYDROGEN FUEL SYSTEMS 
CAN BE GROUND-TESTED UNDER ALL TEMPERATURE 
CONDITIONS ENCOUNTERED FROM LAUNCH TO BUI 
OUT OF ACTUAL HYDROGEN FUELED MIS a 


Beech Aerospace Division 
TRANSIENT HEAT FACILITY 


Before the actual countdown that sends a giant 
Atlas or Titan ICBM arcing into space, vital propul- 
sion system components of these mighty missiles have 
thoroughly proved their reliability at the production 
environmental testing facilities of Beech Aerospace 
Division near Boulder, Colorado. Here, on a 1,500 acre 
site near the Bureau of Standards cryogenic engineer- 
ing laboratory, Beech has assembled a skilled, unified 
team of scientists, engineers and technicians. 


Working with the most modern equipment avail- 
able (much of it Beech-developed), this team has 
already made significant contributions to speed 
America’s progress in space technology and advanced 


Space flights start here 


weapons systems. Its achievements include noteworthy 
accomplishments in the fields of advanced propulsion 
systems and components; liquid hydrogen propellants 
and liquid hydrogen storage; research, development 
and fabrication of titanium tankage systems; and en- 
vironmental testing of a wide range of missile com- 
ponents and systems to qualification. 


Because of its experience and facilities, the Beech 
Aerospace Division team is uniquely qualified to ac- 
cept many types of challenging new assignments and 
carry them through rapidly to successful conclusions. 
May we discuss with you how we may be of service? 


Beech Aerospace Division projects in- 
clude R&D on manned aircraft; missile tar- 
get and reconnaissance systems; complete 
missile systems; electronic guidance sys- 


tems; programs pertaining to liquid hydro- 

a gen propellants and cryogenic tankage 

e i systems; environmental testing of missile 
COAL systems and components; and GSE. 

May we help you? Write, wire or phone 


Roy H. McGregor, Manager, Contract Ad- 


BEECH AIRCRAFT CORPORATION @ WICHITA Be KANSAS ministration, Beech Aircraft Corp., Wichita 


1, Kansas—or nearest Area Office. 
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4 new name tor the combined compames atter August 31 


1961 CHANCE VOUGHT CORPORATION AND LING TEMCO ELECTRONICS INC 


he stockholders of Chance Vought Corpo- 
ration and Ling-Temco Electronics, Lat, 
on June 30, 1961, approved plans for com- 
bining these two companies into a vast ne 
company — Ling-Temco-Vought, Inc., to’ be 


“effective August 31, 1961. 


Combination of these dynamic, experienced 


~organizations will link depth of capabilities 


with depth of management to meet the 


... advanced challenges of electronics, spacé, 


communications, aircraft, and missiles. 
Ling-Temco-Vought will employ more thay 


“20,000 people in the development~and 


production of: AEROSPACE SYSTEMS... 


ELECTRONICS... COMMUNICATION 


... SOUND SYSTEMS... AERO SYSTEMS 
... INFORMATION HANDLING SYSTEMS. 


is willbe....Ling-Temco-Vought, Inc. - 
a new industrial leader to serve América’s 
ture through science. 


Why 


AEROSPACE SYSTEMS 
CHANCE VOUGHT CORPORATION 


Aeronautics and Missiles Division 
Harbor Boat Company 
Astronautics Division 

Range Systems Division 


TEMCO AERO SYSTEMS 


Overhaul 
Modification 


COMMUNICATIONS AND TEST SYSTEMS 


Continental Electronics 
Manufacturing Company 

Ling Electronics Division 

The Calidyne Company, Inc Division 

Electron Corporation 


SOUND SYSTEMS 


Altec Lansing Corporation 

Altec Service Company 

Peerless Electrical Products Division 
University Loudspeakers, Inc 
Columbia Cabinet Corporation 


ELECTRONIC PRODUCTS AND SYSTEMS 


Temco Electronics Division 

Vought Electronics 

Micromodular Components Division 
United Electronics Company 


COMMERCIAL AND INDUSTRIAL PRODUCTS 


Temco Industrial Division 

Vought Industries. Inc 

Ed Friedrich, Incorporated 
Friedrich Refrigerators Incorporated 


INFORMATION HANDLING SYSTEMS 


Information Systems, Inc 
FF & M Electronics, Inc 
National Data Processing Corporation 


LING-TENCO-VOUGHTING. 


DALLAS. TEXAS 


“Proposed new name tor the combined companies after August 31. 1961 
CHANCE VOUGHT CORPORATION AND LING TEMCO ELECTRONICS INC 


Ranger Spacecraft 


(CONTINUED FROM PAGE 25) 


roll axis of the craft toward the Sun, 
using small optical sensors, gyros for 
rate stability, and tiny nitrogen-gas 
jets. Following Sun acquisition, the 
spacecraft rolls slowly until light 
reflected from the Earth is detected 
by a sensor that moves with the an- 
tenna. Error signals from this sensor 
direct the antenna beam toward the 
Earth, and the spacecraft then con- 
tinues to coast in a stabilized attitude 
until the end of its mission, nominally 
a month or two after launching. 
There is a possibility that the earth 
sensor might acquire the Moon by 
mistake. In this event, radio over- 
ride commands can be sent to make 
the spacecraft resume its search for 
the Earth. The commands are re- 
ceived through an omnidirectional an- 
tenna mounted at the top of the instru- 
ment-bearing superstructure that con- 
stitutes the Ranger 1 and 2 mission 
package. 


Battery Is Included 


A large battery is carried in the 
center of the hexagonal bus. In the 
event of an attitude-control failure and 
consequent loss of solar power, this 
battery would power the spacecraft 
for a sufficient period of time to per- 
mit transmission of a large quantity of 
diagnostic telemetry. Also, there is 
on board the spacecraft a separate, in- 
dependently-powered small _ trans- 
mitter which can send telemetry up 
to a limited range via the omnidirec- 
tional antenna even if all other sub- 
systems fail. 

The flight of Ranger 1 demonstrated 
most of this functional sequence in 
spite of the fact that only a low-alti- 
tude satellite orbit was achieved in- 
stead of a desired highly elliptical 
orbit. 

For Ranger 3, 4 and 5 the tall super- 
structure is replaced by a mission pack- 
age consisting of a vidicon television 
camera, a lunar gamma-ray sensor 
and spectrum analyzer, and the rough- 
landing retrocapsule subsystem de- 
scribed elsewhere in this issue by 
Frank Denison. The big battery is 
replaced by a mid-course maneuver- 
ing rocket, and the simple command 
system of Ranger 1 and 2 is replaced 
by a more elaborate system capable 
of addressing quantitative maneuver- 
ing orders to the spacecraft. 

The flight operating sequence is as 
follows: Initial acquisition of the Sun 
and Earth occurs as before; then, 
after a number of hours of tracking, 
a trajectory correction is computed 
and sent to the spacecraft. The craft 
abandons its Sun and Earth references 


and makes a gyro-controlled turn to 
the direction of the required man- 
euver. The mid-course rocket, a 50- 
lb-thrust monopropellant-hydrazine 
propulsion unit, is then ignited and 
burns until an integrating accelerom- 
eter senses that the requisite speed 
has been gained. At this point, thrust 
is terminated and the spacecraft re- 
acquires the Sun and Earth. 

About two days later, as the space- 
craft nears the Moon, another set of 
commands is sent, this time to align 
the roll axis of the spacecraft back 
along the velocity vector to provide 
the proper orientation for the television 
camera and to give the correct launch- 
ing direction for the capsule retro- 
rocket. When the capsule radar altim- 
eter signals firing of the retrorocket, 
the capsule separates and the bus 
travels on to an unbraked impact on 
the Moon. 


Rangers Are Complex 


It can be seen from these descrip- 
tions that the Rangers are quite com- 
plex and that their design presents a 
number of uncertainties as to environ- 
ment, subsystem interactions, and so 
forth. Also, the opportunities for the 
use of redundant or fail-safe designs 
are relatively few, since the lunar- 
flight mission fundamentally consists 
of a long sequence of functions in 
series. By forcing ourselves to operate 
in such an unfavorable environment 
from the standpoint of reliability, we 
are learning the techniques which will 
enable us in the future to design and 
build with confidence for the perform- 
ance of even more ambitious missions 
to the Moon. At the same time, if 
we succeed in making all the links of 
the long chain work, we will produce 
new and definitive data that will help 
in planning for the eventual takeoff 
of a lunar astronaut. +¢ 


70 Papers Presented 
At 3rd Japan Space Symposium 


The Third International Symposium 
on Rockets and Astronautics, spon- 
sored by the Japanese Rocket Society 
and held at the Nippon Toshi Center 
in Tokyo Aug. 28-Sept. 1, witnessed 
the presentation of 70 papers, with 
about half of these given by non-Japa- 
nese authors. The papers were pre- 
sented at 12 technical sessions, four of 
these being devoted to vehicles and 
one each to space law, space medicine 
and biology, propellants, space sci- 
ence, propulsion, reliability and instru- 
mentation. Prof. Noboru Takagi of 
the Institute of Industrial Science, 
Univ. of Tokyo, was the meeting chair- 
man. 
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International scene 


ew INTERNATIONAL Academy of 
Astronautics, organized at Stock- 
holm last year by Theodore von Kar- 
man and Frank J. Malina, has func- 
tioned throughout the intervening 
period, and the first regular meeting 
will take place in Washington, D. C., 
Oct. 3, 1961, on the occasion of the 
XIIth Annual Congress of the Inter- 
national Astronautical Federation. 

The Academy has maintained a 
Secretariat in Paris, the premises of 
which were donated by the French 
Government, located at 12, Rue de 
Gramont. Initial funds to defray the 
costs of operation were provided by 
the Daniel and Florence Guggenheim 
Foundation. 

A strong movement exists to con- 
solidate the Secretariat into one work- 
ing unit to serve the Federation itself, 
as well as the Academy of Astro- 
nautics and the International Institute 
of Space Law. Each of these activ- 
ities would pay its equitable share of 
the costs of maintaining the Secre- 
tariat. 

The Academy Nominating Com- 
mittee, composed of Luigi Broglio 
(Italy), Irene Sianger-Bredt (Ger- 
many) and Andrew G. Haley (USA), 
has suggested the following list of 
nominations: 

Director: Theodore von Karman 
(USA). Deputy Directors: F. J. 
Malina (USA) and J. Peres (France). 
Trustees for Sectionl: N. Boneff (Bul- 
garia), one year; A. Ehmert (W. Ger- 
many), Chairman of Section 1, two 
years; J. Kaplan (USA), one year; and 
Sir Bernard Lovell (UK), two years. 
In Section 2: E. A. Brun (France), 
one year; A. Eula (Italy), one year; 
J. M. J. Kooy (Netherlands), two 
years; and R. Pesek (Czechoslovakia) , 
Chairman of Section 2, two years. 
For Section 3: M. Florkin (Belgium), 
Chairman of Section 3, two years. W. 
R. Lovelace II (USA), two years; and 
A. Meyer (W. Germany), one year. 


The Eleventh Annual Assembly of 
the Advisory Group for Aeronautical 
Research and Development (AGARD) 
of the North Atlantic Treaty Organi- 
zation was held in Oslo July 24-29 
under the chairmanship of Dr. T. von 


Karman. More than 400 scientists 
from NATO nations attended the 
mecting. 


The round-table discussion, held 
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July 27, was moderated by Finn Lied 
of Norway, the subject being “Scien- 
tific Aspects of Space Technology.” 
Specifically treated were “Space Com- 
munications,” under W. F. Hilton, 
Head, Astronautic Div., Hawker Sid- 
deley Aviation, Ltd. (UK); “Space 
Physics,” under Herbert Friedman, 
Superintendent, Atmosphere and As- 
trophysics Div., Naval Research Lab- 
oratory (USA); and “Space Medi- 
cine,” under Dr. Lovelace, Director, 
Lovelace Foundation, and Member- 
Project Mercury (USA). 

Panel meetings were also held on 
aerospace medicine, avionics and fluid 
dynamics. 


The official membership of AGARD 
aS: 
Chairman: Dr. von Karman; Vice- 
Chairman: E. T. Jones 


Members: 


Belgium: M. Freson, F. Haus 

Canada: J. L. Orr, F. R. Thurston 

Denmark: Col. P. N. Brandt-Moel- 
ler, K. Refslund 

France: J. Peres, M. Roy, Ingen- 
.ieur en Chef de Coligny 

Germany: Th. Benecke, F. Bollen- 
rath 

Greece: M. Anastassiadis, Col. N. 
Papademetriou 


Italy: Gen. C. Alippi, G. Gabrielli 

Netherlands: H. J. van der Maas, 
A. J. Marx 

Norway: F. Lied 

Portugal: Col. J. A. de Almeida 
Viama 

Turkey: Col. S. Isimer, Gen. F. 
Ulug 


United Kingdom: Sir William S. 
Farren, E. T. Jones, M. B.Morgan 

United States: H. L. Dryden, Gen. 
D. L. Putt, Dr. von Karman 


The following report on the Com- 
mission on Astronautics of the Czech- 
oslovak Academy of Sciences has re- 
cently been received from Commis- 
sion Chairman, Rudolf Pesek. 

The Commission was organized on 
Jan. 1, 1959, by the technical sec- 
tion of the Czechoslovak Academy of 
Sciences (CAS), of which the Com- 
mission is a part. The basic task of 
the Commission is the coordination of 
the activities of scientific institutions 
and of individual scientists working 
in the domain of astronautics in 


By Andrew G. Haley 


Czechoslovakia and to promote their 
collaboration. 

The CAS research institutes have 
organized satellite tracking activities, 
using both optical and_ electronic 
techniques, in cooperation with IGY 
and IGC work, while the Commission 
has established working groups for 
Space Medicine, Space Law, and 
Meteorological Research by means of 
satellites, and is preparing further 
groups to solve the problems of other 
branches of astronautics. 

In April, 1960, the first Czechoslo- 
vak Conference on Rocket Technique 
and Astronautics, organized by the 
Commission, took place in the CAS 
House at Liblice, near Praha, with 24 
papers presented covering the basic 
sciences, engineering sciences, space 
medicine, and space law. The next 
conference is scheduled for April, 
1962. This year, as in previous years, 
the Commission has sponsored regu- 
lar lectures on astronautics. 

In an effort to continue in the tradi- 
tion of international cooperation which 
was demonstrated in the IGY, the 
Commission is cooperating in the pro- 
gram of meteorological research by 
means of U.S. Tiros weather satellites. 
The work is carried out by the differ- 
ent CAS institutes and is coordinated 
by the Commission. 

Officers of the Commission are Dr. 
Pesek, Chairman, and Council mem- 
bers E. Buchar, J. Stransky, F. Be- 
hounek, F. Link, V. Guth, S. Djadkov, 
S. Servit and V. Kopal. ¢ 


Proceedings of 2nd Japanese 
Space Symposium Available 


The Proceedings of the Second In- 
ternational Symposium on Rockets and 
Astronautics sponsored by the Japa- 
nese Rocket Society and held in Tokyo 
in May 1960 are now available. The 
344-page, soft-cover, offset-printed 
volume contains 56 papers presented 
at the meeting, divided into chapters 
covering propellants and _ propulsion, 
vehicles, instrumentation, space sci- 
ence, and a miscellaneous category. 
The volume may be obtained from the 
Institute of Industrial Science, Univ. 
of Tokyo, Yayoi-cho, Chiba City, 
Tokyo, Japan, at a cost of 1500 yen, or 
$4.50. 
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DYNA-SOAR) 


% 


Garrett is now developing Dyna-Soar’s thermal 
control system—again demonstrating its 20-year 
leadership in the pioneering of airborne cooling 
methods by its AiResearch Manufacturing Divisions. 
An important contribution to the rapid over-all 
development of the Boeing Dyna-Soar manned space 
glider, the compact, lightweight system will cool the 
pilot and his equipment, economically utilizing the 


cryogenic hydrogen fuel of the accessory power system. 
The development of this hydrogen system exemplifies 
Garrett’s continuing advancements in airborne cooling, 
including air cycle and Freon refrigeration systems, zero 
gravity gas and liquid systems, and new developments 
in space radiators and other systems using exotic liquids 
and metals...all leading to the development of more 
advanced thermal control techniques for spacecraft. 


THE (-7:\ 1-134 3 CORPORATION 


AiResearch Manufacturing Divisions 


Los Angeles 45, California * Phoenix, Arizona 
Systems and Components for: AIRCRAFT, MISSILE, SPACECRAFT, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS 
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Solar Power for Ranger 


Engineers of Hoffman Electronics check out a Ranger 
solar-power panel prepared in a cooperative program with 
JPL. Each panel carries 4340 silicon solar cells, weighs 
19 Ib, and can deliver 90 watts. The cells interconnect in 
a manner that localizes power loss from micrometeorite 


damage. 


Ranger Lunar Program 
(CONTINUED FROM PAGE 22) 


which missed the Moon by a wide 
margin and went into orbit around the 
Sun. These Pioneers provided a good 
deal of additional information about 
the Van Allen Belt, which had been 
discovered with the Explorer satellites. 

Between Pioneers III and IV, on 
Jan. 2, 1959, the Soviets launched 
Lunik I. This was obviously an at- 
tempt to hit the Moon. After a near 
miss of the Moon, Lunik I went into 
orbit about the Sun. On Sept. 13, 
1959, the Soviets made a direct hit 
on the Moon. On Oct. 4, 1959, they 
launched Lunik which photo- 
graphed the far side of the Moon. 
Both of the shots were well timed to 
enhance the prestige of Khrushchev 
during his tour of the U.S. 

On Nov. 26, 1959, an attempt to 
use an Atlas-Able combination to send 
a payload to the Moon was unsuc- 
cessful. Further attempts to orbit the 
Moon, with the Atlas-Able as a 
booster, on Sept. 25, 1960, and Dec. 
15, 1960, were also unsuccessful. The 
payload for these attempts was an 
outgrowth of that used in Pioneer V, 
which still holds the communication 
record of more than 26-million miles. 

The U.S. lunar-probe attempts of 
the past have utilized relatively light- 
weight spinning payloads. With the 
Ranger series, a class of spacecraft for 
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lunar and planetary exploration is be- 
ing utilized. 

The key to this new ‘class of space- 
craft is full attitude stabilization for 
the entire flight. Incorporating this 
feature is now possible because of the 
weight-lifting capability of the Atlas- 
Agena B injection vehicle (Ranger 1 
weighs 675 Ib). Atlas-Agena B is 
described by Harold Luskin and Fried- 
rich Duerr elsewhere in this issue. 

Benefits of attitude-stabilized space- 
craft exploited in Ranger include the 
following: 


1. The solar panels are accurately 
pointed at the Sun to achieve 
maximum effectiveness in gen- 
erating power. 

. An accurate angle-reference sys- 
tem is made available as a co- 
ordinate system in which a mid- 
course manuever is made to trim 
the flight path and as a reference 
for firing the retro-capsule when 
approaching the Moon. 

3. A high-gain antenna is precisely 
pointed toward the Earth, so 
that relatively wide-band data 
can be transmitted from the 
spacecraft to the Deep Space 
Instrumentation Facility, which 
is discussed by Nicholas Ren- 
zetti on page 34. 

4. Scientific experiments which re- 
quire determination of direction 
now have the appropriate “bus” 
for their ride into space. 


bo 


The first two Ranger flights are de- 
signed principally to test the funda- 
mental spacecraft engineering features 
which will be basic bus techniques and 
hardware for later Rangers. This same 
technology will be exploited in the 
Mariner A series of spacecraft when 
they take off for Venus. 

Because their purpose is to test en- 
gineering technology, the first two 
Rangers are not intended to go toward 
the Moon. Though Ranger 1 went 
into a low earth orbit rather than a 
deep-space trajectory, it achieved its 
mission by demonstrating a successful 
attitude-control system, proving a re- 
liable communication system and _re- 
turning important scientific data. 

The first two Rangers carry a 
number of scientific experiments to 
exploit the attitude-stabilization fea- 
ture of the Ranger. Measurements 
will be made on fields and particles 
in space and the neutral hydrogen 
cloud around the Earth. 

Next year, three more Rangers are 
expected to make the trip to the Moon. 
These will carry a small seismometer 
and transmitter to send back data from 
the surface of the Moon after surviv- 
ing a limited speed impact provided 
by the Aeronutronic capsule, which 
is described by Frank Denison in this 
issue. As the busses for these missions 
approach the Moon, they will send 
back readings from a gamma-ray spec- 
trograph and successive photos of the 
lunar-impact area. 

More details on the Ranger space- 
craft and its function appear in the 
article on page 23, by James Burke, 
Ranger Project Manager. 

The Ranger spacecraft has the po- 
tential of carrying other lunar and 
near-space experiments. This capa- 
bility may well be utilized in the next 
few years to advance the over-all ob- 
jective of manned lunar exploration. 
Ranger technology and data obtained 
about the Moon will materially con- 
tribute to the Surveyor and Prospector 
projects, both of which are expected 
to make major steps along the path 
to our new goal—landing a man on the 
Moon and returning him before the 
Soviets do. +¢ 


Bio-Astronautics Bibliography 


The Office of Technical Services of 
the Commerce Dept. is offering a new 
OTS Selective Bibliography which lists 
government research reports, transla- 
tions, and other technical documents 
on bio-astronautics placed in the OTS 
collection between January 1959 and 
April 1961. Copies of the bibliog- 
raphy may be obtained at 10 cents 
each by writing to OTS, U.S. Depart- 
ment of Commerce, Washington 25, 
D.C. 


ONE, A TRIUMPH 
IN MISSILE RELIABILITY 

..» THE OTHER, A PRODUCT 
OF THE INDUSTRY’S 
LEADING PRODUCER OF 
SOLID FUEL OXIDIZERS 


EEL» American Potash & Chemical Corporation 


Producers of: BORAX * POTASH * SODA ASH « SALT CAKE « LITHIUM * BROMINE * CHLORATES AND 
PERCHLORATES *« MANGANESE DIOXIDE * THORIUM « RARE EARTH AND YTTRIUM CHEMICALS 


SOLID 


PARTNERS 


TRONA AMMONIUM PERCHLORATE is vital to the reliability of MmsuTEMAN 
and other solid-propelled vehicles. Ordnance grade NH,C10, is a product 
of American Potash & Chemical Corporation’s electrochemical facilities at 
Henderson, Nevada, pictured above, the nation’s leading and pioneering 
source of solid propellant oxidizers. Trona ammonium perchlorate contributes 
to the instant readiness of MINUTEMAN with the qualities of uniformity, 
reproduceability and reliability of the propellant ...combined capabilities 
that make Trona and MINUTEMAN partners in solid engine progress. 


3000 West Sixth Street, Los Angeles 54, California 
99 Park Avenue, New York 16, New York 
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Mechanical or Aeronautical Engineers 
with M.S. Degrees and some research or de- 
velopment experience are required for an 
extensive research program in advanced 
rocket propulsion concepts. A comprehen: 
sive knowledge of fluid mechanics is re- 
quired (compressible viscous flows, turbu- 
lence, transport phenomena) along with the 
ability to apply this knowledge to unusual 
fluid flow problems. Both theoretical and 
experimental programs are being conducted. 

This program has strong corporate 
sponsorship with all that this implies in per- 
sonal stability. Available are excellent exper- 
imental, computational, and library facilities 
with experienced supporting personnel. 
Attractive salary levels and benefits are 
available to qualified individuals. 


We invite you tocontact Mr.W.V.Walsh 


RESEARCH LABORATORIES 


UNITED AIRCRAFT CORPORATION 


400 Main Street, East Hartford 8, Conn. 


All qualified applicants will receive consideration for employment 
without regard to race, creed, color of national origin. 


54 Astronautics / September 1961 


Preparing Ranger 


(CONTINUED FROM PAGE 29) 


operation of the entire Ranger system. 
The Ranger “system” may be defined 
here as including the launch control 
and checkout equipment in the block- 
house and at the launch pad, the 
Atlas, the Agena, and the Ranger 
spacecraft. 

Safe system operation may be di- 
vided into three major areas—struc- 
tural, electrical and RF interface. As 
individual groups, the designers of the 
Atlas, Agena, and Ranger have solved 
their structural, electrical, and RF- 
interference problems. This might no 
longer be true, however, when the 
three connect structurally and elec- 
trically. The mechanical forces at- 
tacking the complete launch vehicle, 
especially during the transonic period, 
are quite severe, and shroud-configura- 
tion changes appearing minor may 
actually cause buffeting or pressure 
differentials not accurately predictable 
and sometimes unpredictable. Con- 
sequently, wind-tunnel tests have been 
run to take data for design calcula- 
tions. 

A similar condition exists in the 
electrical interface. When four elec- 
trical systems (Launch Control, Atlas, 
Agena, Ranger) with a number of 
different power supplies are inter- 
connected, the chances of shorts, 
grounds, or sneak circuits are in- 
creased. Moreover, when more-or- 
less independent systems of these types 
are connected, an occurrence, such as 
inductive “kick” from a relay coil, in 
one system, having no effect whatso- 
ever in that system, may trigger an 
event in one of the connected systems. 
The event may be either completely 
spurious or out of normal sequence. 
The seriousness of such interaction is 
obvious. 

Also critical is the possibility of RF 
interference. Particularly during the 
ascent trajectory, a number of RF 
components may be radiating simul- 
taneously, and every precaution must 
be taken that the signal for one func- 
tion does not trigger some unexpected 
function in another system—for ex- 
ample, a destruct circuit which would 
destroy the launch vehicle. A part of 
the test program to be discussed now 
was designed to detect any such in- 
terference. 

Generally, the philosophy of solv- 
ing problems in the Ranger launch- 
vehicle system is first to treat the prob- 
lem analytically and to arrive at a 
theoretical solution. The validity of 


the analytical results are then verified 
by testing. Additional testing is con- 
ducted for reliability or “confidence” 
purposes. 

Tests have been performed in the 


fields of vibration, thermal, structural, 
and spacecraft cooling. A less classj- 
cal test, the so-called “Smoke” test, 
has been run to test all material to be 
used around the spacecraft. The ma- 
terials, insulation, cement, etc. were 
subjected to temperatures and _pres- 
sures expected to be experienced dur- 
ing the ascent phase. The degree to 
which a material “smokes” was de- 
termined by measuring any deposit 
left on a glass surface. The influence 
of such deposits on optical portions of 
experiments was then measured to de- 
termine the suitability of the material. 
Results of these tests revealed the 
necessity of several material substitu- 
tions. All tests were performed under 
simulated, or as nearly as possible, 
flight conditions. 

Tests also cover components, sub- 
systems and the whole system. These 
are accomplished at GD/Astronautics, 
Lockheed Missiles and Space Com- 
pany, and JPL. 


Test Sequence Described 


The tests begin with receiving in- 
spection of components from subcon- 
tractors to insure proper operation. 
Then follow subsystem tests performed 
on assembled subsystems such as guid- 
ance. During this test, the subsystem 
is connected to “bench” or laboratory 
equipment and calibrated and checked 
for performance as an assembled sub- 
system. This test may be conducted 
with the subsystem installed on the 
vehicle. Basically, the unit is actu- 
ated by a simulated input; and the 
output-signal level, phase relationship 
or polarity is compared to standard 
acceptable figures. 

In the system test, a major portion 
of a launch vehicle, such as Agena, 
is checked. Here every operation of 
the Agena during flight is performed, 
with exception of hot firing the power 
plant. Another milestone in the check- 
out is the compatibility test of Agena 
and spacecraft. In the compatibility 
test, the spacecraft is mated to the 
Agena and, as in the system test, sub- 
systems are exercised in sequence and 
checked for interference. At the same 
time, RF equipment of the Atlas is 
operated to check on interference. 
This test goes far toward verifing the 
work of the Safe Systems Operation 
Group. 

The last test, before shipment of 
the Agena to Cape Canaveral, is a 
static firing at the Lockheed Santa 
Cruz Test Base. This test is con- 
ducted on a sampling basis, with at 
least the first vehicle of each con- 
figuration being test-fired. The Agena 
with a prototype spacecraft is mounted 
in a test stand and extensively instru- 
mented to check engine performance, 
vibration, etc. Flight telemetry pack- 
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structure for 


~ Ordinary experience with metals 
cannot cope with the critical prob- 
lems of fabricating this unique 
welded structure—ideally suited for 
the flow of liquids through contoured or tapered 
panels with variable flow areas or variable channel 
widths. The Budd Company has the know-how 
to solve the many difficulties involved. Further, 
the resistance welded fabricating technique used 


prooucr 


in this structure is applicable to a wide variety 
of materials and gages, and provides a joint 
that develops the strength and stability of the 
base material. 

A pioneer for years in forming and welding, 
we are prepared to fabricate such structures today. 
Product Development Department, The Budd 
Company, Philadelphia 32, Pa. 
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ages are radiating during the firing. 
Before shipment to the range, another 
system test of the Agena is performed 
to check that a flight-ready vehicle is 
being shipped. 

The Atlas vehicle is not static-fired 
prior to launch. It is, however, sub- 
jected to a complete system “accept- 
ance” test before shipment to Cape 
Canaveral. 

Long before the launch vehicle and 
the spacecraft arrive at the Atlantic 
Missile Range, extensive preparations 
are made to be ready with everything 
that is required for smooth and effi- 
cient prelaunch and launch operations. 
As much as 12 months before firing, 
the basic requirements related to range 
support are collected in a book called 
“Program Requirements Document” 
(PRD). This document lists the 
mission objectives and contains nec- 
essary technical details of the launch 
vehicle, launch facilities required, fuel 
and oxidizer requirements, and_re- 
quirements for downrange tracking 
and telemetry stations, which extend, 
in the Ranger program, over two con- 
tinents. This document is generated 
primarily to inform the missile range 
of requirements it should meet. 

Periodically, the PRD is modified 
and amended according to the latest 
changes in program. The answers to 
the requirements stated in the PRD 
are documented in the “Program Sup- 
port Plan” (PSP), which tells if and 
how the range organization can meet 
those requirements. In addition to 
these two basic range-use documents, 
a number of manuals and plans for 


specialized fields—such as Countdown 
Manual, Operation Support Plan, De- 
tailed Test Objective, to name a few— 
are generated to help make the launch 
a precise operation. 

Precision is especially important 
during countdown, when propellants 
for the Atlas and Agena have to be on 
time for loading, last minute checks 
must be performed, and the flight 
readiness of the launch vehicle includ- 
ing the spacecraft has to be certified. 
This is most important in the Ranger 
program since, for at least one launch, 
there is only a half-hour period in the 
day for a limited number of days 
during a month when the vehicle can 
be launched to place the spacecraft 
in the desired orbit. 


Duties of Range Stations 


At the same time, the tracking and 
telemetry stations from Cape Can- 
averal, down range, must be ready. 
These stations transmit position, veloc- 
ity, and operation information to Cape 
Canaveral for evaluation. Data are 
checked against the calculated tra- 
jectory for range-safety reasons and to 
give downrange stations acquisition 
information. The telemetry informa- 
tion gives a “quick look” performance 
evaluation; final reports come out a 
few weeks later. 

Checkout of the Ranger spacecraft 
and its launch vehicle at Cape Ca- 
naveral is a parallel effort. The Atlas 
goes first to the hangar for receiving 
inspection and then to the launch pad 


for extensive checkout. Pad checks 
made on the Atlas include blockhouse 
compatibility, propellant-tanking integ- 
rity, engine alignment, autopilot, 
readiness and, finally, a flight-accept- 
ance composite test. During the Atlas 
activities on the pad, the Agena is 
undergoing subsystem tests in another 


hangar. Concurrently, the Ranger is 
being validated in the spacecraft 
hangar. Upon completion of  sub- 


system testing, the Agena is mated to 
the Atlas at the pad, where block- 
house compatibility checks and Agena 
systems tests are performed. The 
Ranger spacecraft is then transported 
to the pad and mated with the as- 
sembled boost vehicle for combined 
testing, which includes umbilical re- 
lease tests, combined radiation tests, 
and Joint Flight Acceptance Composite 
Tests. 

These tests complete, Ranger is de- 
mated and returned to the spacecraft 
hangar. A flight Readiness Demonstra- 
tion is then performed with Atlas and 
Agena. This demonstration consists 
of conducting a complete countdown 
up to the point of firing. This count- 
down proves the capability of the 
facilities and ground-support equip- 
ment to launch the vehicle. The 
Agena is then demated and returned 
to the hangar for final flight prepara- 
tions. After final flight preparations 
and last-minute revalidation, the 
Agena and spacecraft are again taken 
to the pad and mated to perform final 
electrical functional checks. The 
launch vehicle is now ready for count- 
down and launch. +4 


SHROUD COOLED TO 


space —— ‘BY LIQUID NITROGE! 


DIFFUSION PUMPS 


The closest thing to spaceflight for most people might be the opportunity to step inside one of the several giant space 
simulators springing up in major organizations across the country. Left, cranes emplace the body of a 55-ton chamber 
primarily for testing Agena spacecraft at Lockheed Missiles and Space Co.; the Lockheed simulator is scheduled to 
begin operations in November. Center, a sketch depicts the layout of JPL’s simulator for testing interplanetary space- 
craft; it will go into operation early next year. Right, the chamber of the simulator for GE’s new Valley Forge Space 
Technology Center that will test Nimbus and Advent satellites; this simulator is now in operation. Consolidated Vac- 
uum Corp. is contractor for the Lockheed and JPL simulatcrs. 
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Opportunities for 


circuit 
designers 


Requirements of new and continuing projects, such 
as Surveyor and supersonic interceptor fire control 
systems have created new openings for circuit 
designers. The engineers selected for these positions 
will be assigned to the following design tasks: 


Lithe development of high power airborne radar 
transmitters, the design of which involves use of the most 
advanced components, 


2 the design of low noise radar receivers using 
parametric amplifiers, solid state masers and other advanced 
microwave components, 


3 radar data processing circuit design, including range and 
speed trackers, crystal filter circuitry and a variety of display 
circuits, 


4 high efficiency power supplies for airborne and space 
electronic systems, 


5 telemetering and command circuits for space vehicles 
such as Surveyor and the Hughes Communication Satellite, 


6 timing, contro! and display circuits for the Hughes 
COLIDAR* (Coherent Light Detection and Ranging). 


In addition, openings exist for several experienced 
systems engineers capable of analysis and synthes's 
of systems involving the type of circuits and 
components described above. 


If you are interested and believe that you can 
contribute, please airmail your resume to: 

Mr. Robert A. Martin, Supervisor, Scientific 
Employment, Hughes Aerospace Engineering 
Division, Culver City 83, California. 


* Trademark H.A.C. 


We promise you a reply within one week. 


Creating a new world with electronics 


HUGHES 


HUGHES AIRCRAFT COMPANY 


AEROSPACE DIVISIONS 


AT HUGHES. iets QUALIFIED fe PELICAN S WILL BE CONSIDERED FOR EMPLOYMENT 
UT REGARD TO RACE, CR COLOR OR NATIONAL ORIGIN 
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ARS news 


Abstract Deadlines Set for 1962 ARS Solid Rocket, Electric 
Propulsion, and Structures and Materials Conferences 


DEADLINES for papers to 
be presented at the 1962 special- 
ist conferences on Solid Propellant 
Rockets, Electric Propulsion, and 
Launch Vehicles Structures and Ma- 
terials have been announced by the 
conference chairmen. 

Abstracts of papers for the Solid 
Propellant Rocket Conference, to be 
held Jan. 24-26 at Baylor Univ., Waco, 
Tex., must be submitted to Conference 
Chairman G. Daniel Brewer, Grand 
Central Rocket Co., Redlands, Calif., 
by Oct. 20. 

Authors wishing to contribute pa- 
pers to this meeting are asked to sub- 


mit 300-500 word abstracts. Mate- 
rial of the highest academic interest 
will be given preference, and subject 
matter should complement the annual 
summer JANAF meeting. Tentative 
Technical Session titles are: Nonde- 
structive testing; explosive classifica- 
tion of motors; use of electronic com- 
puters in research, design and devel- 
opment; propellant processing; rocket 
motors for meteorological sounding 
purposes; high-performance solid mo- 
tors; gas dynamics and heat transfer; 
and effects of environment on rocket 
motor operation. 

Authors desiring to present papers 


President 
Vice-President 
Executive Secretary 
Treasurer 

General Counsel 
Director of Publications 


Ali B. Cambel 1962 
Richard B. Canright 1962 
William J. Cecka, Jr. 1963 
James R. Dempsey 1961 
Herbert Friedman 1962 
George Gerard 1961 
Robert A. Gross 1962 


Robert M. L. Baker, 
re 


Communications and Instrumenta- 
tion, Frank W. an 

Electric Propulsion, Ernst Stuhlinger 
uidance and ontrol, James S. 
Farrior 

Human Factors and Bioastronautics, 
Eugene B. Konecci 

Hypersonics, William H. Dorrance 

Liquid Rockets, Martin Goldsmith 

Magnetohydrodynamics, Milton 


awsk 
Missiles and Space Vehicles, William 
Duke 
Nuclear Propulsion, Robert W. 


ussard 


American Rocket Society 


500 Fifth Avenue, New York 36, N. Y. 
Founded 1930 


OFFICERS 


BOARD OF DIRECTORS 


(Terms expire on dates indicated) 


Abe M. Zarem 1963 


TECHNICAL COMMITTEES AND CHAIRMEN 


Harold W. Ritchey 
William H. Pickering 
James J. Harford 
Robert M. Lawrence 
Andrew G. Haley 
Irwin Hersey 


Samuel Herrick 1963 
Arthur Kantrowitz 1963 
A. K. Oppenheim 1961 
Simon Ramo_ 1963 

David G. Simons 1961 
John L. Sloop 1961 
Martin Summerfield 1962 


Physics of the Atmosphere and Space, 
Herbert Friedman 
Power Systems, John H. Huth 
Propellants and Combustion, Peter L. 
Nichols, Jr. 
Ramjets, William H. Avery 
Solid Propellant Rockets, G. Daniel 
Brewer 
Space Law and Sociology, Andrew G. 
Haley 
Structures and Materials, George 
erard 
Test, Operations, and Support, Bern- 
ardt L. Dorman 
Underwater Propulsion, Herman E. 
Sheets 
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at the Electric Propulsion Conference 
at the U.S. Naval Postgraduate School, 
Monterey, Calif., March 14-16, must 
submit abstracts by Nov. 20 to Eugene 
Urban, NASA George C. Marshall 
Space Flight Center, Huntsville, Ala. 

Papers will be considered for pres- 
entation in the basic areas of electro- 
static, electrothermal, and electromag- 
netic propulsion. The subject matter 
of the papers must be within the scope 
of basic research, applied research and 
development, flight and ground test- 
ing, missions, and systems integration. 
Four sessions will be scheduled each 
day during the three-day conference. 

Contributors to the Launch Ve- 
hicles Structures and Materials confer- 
ence, to be held April 3-5 at Ramada 
Inn, Phoenix, Ariz., must submit 300- 
500 word abstracts to Max L. Wil- 
liams, California Institute of Tech- 
nology, Pasadena, Calif., before Sept. 
15. 

The conference will cover advanced 
structures and materials concepts of 
nonrecoverable stages, special recovery 
techniques and equipment, and 
winged boosters and stages, including 
propulsion components. 

Tentative session topics include: 
Design criteria, materials of construc- 
tion, thermodynamics and heat trans- 
fer, and structural analysis. 


Section Activities Panel 
Discussion Set for SFRN 


All local section officers and board 
of director members are being en- 
couraged to attend the Section Ac- 
tivities Panel Discussion next month 
at the ARS Space Flight Report to the 
Nation in New York City to discuss 
openly and freely ideas on local sec- 
tion activities. The following ARS 
members with vast experience in ARS 
activities have consented to participate 
in this panel discussion: 


Moderator: 
H. M. Cook, ARO, Inc. (presi- 
dent, Tennessee Section ) 
E. W. Smith, North American 
Aviation (ARS Section Activities 
Committee ) 
Jerry Grey, Princeton Univ. (ARS 
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Gas Deflectors for Test Structures 


Bonded silicon carbide brick and semi-circular segments 
offer great flexibility in the construction of special deflectors 
used during rocket and jet engine tests. This unique material 
resists the tremendous heat shock, flame erosion and ultra- 
high temperatures exhaust gases generate during firing. 


Rocket Nozzles and Liners 


NIAFRAX® nozzles and liners meet the severe conditions 
encountered in uncooled rocket motors. They stand up to 
extreme temperatures, heat shock and erosion for the full 
burning time. NIAFRAX parts usually good for repeated 
firings. Can be produced in intricate shapes; close tolerances. 


For High Temperature Refractories 
for Jet and Rocket Development 


..-count on 


CARBO. 


Dept. K-91, Refractories Division, Perth Amboy, N. J. 


High Temperature Castable Cements 


ALFRAX® BI castable aluminum oxide cements offer about 
the most effective materials for insulating at temperatures up 
to 3100°F —especially at the higher end of the range. They 
show little or no shrinkage and are unaffected by atmospheres, 
combustion gases, etc. Simply mix with water and pour. 


Fused Alumina “Bubbles” for Potting Work 


These “bubbles” provide the high dielectric strength of 
electrically fused alumina. They offer light weight coupled 
with the ability to resist temperatures far above those usually 
attained. Their free-flowing characteristic gives assurance 
of easy filling and close packing into all areas. 


| | 


Section Activities Committee) 

R. D. Stewart, NASA (Vice- 
Chairman, ARS Section Activities 
Committee) 

F. H. Inderwiessen, Mid-West 
Research (President, Kansas City 
Section) 

L. J. Bornstein, Aerojet-General 
(Past President, Sacramento Sec- 
tion) 
John 


Chemical Corp. (President, Utah 
Section ) 


This is the second such panel dis- 
cussion and is the direct result of the 
favorable response to the first one held 
at the ARS Semi-Annual Meeting in 
Los Angeles last June. The intent of 
the panel discussion is to give mem- 
bers an opportunity to present and ex- 
change ideas on section activities on 


P. McGovern, Thiokol an informal basis. 


On the calendar 


1961 
Sept. 6-8 IRE National Symposium on Space Electronics and Telemetry, Albu- 
querque, N.M. 
| Sept. 7-8 1961 Fall Meeting of Western States Section/The Combustion 
| Institute, Univ. of California, Berkeley, Calif. 
| Oct. 2-4 Seventh National Communications Symposium of IRE Professional — 
Group on Communications Systems, Municipal Auditorium and Hotel | 
| Utica, Utica, N.Y. | 
| | 
| Oct. 2-7 Xlith International Astronautical Congress, Washington, D.C. | 
| Oct. 4-6 American Society of Photogrammetry Semi-Annual Convention, | 
| Biltmore Hotel, New York, N.Y. 
| Oct. 9-15 ARS SPACE FLIGHT REPORT TO THE NATION, New York | 
| Coliseum, New York, N.Y. 
| Nov. 12-17 Conference on Medical and Biological Problems in Space Flight, | 
Nassau, Bahamas. | 
1962 | 
Jan. 24-26 ASME Thermophysical Properties Symposium, Princeton Univ., Prince- | 
ton, N.J. 
| 
Jan. 24-26 ARS Solid Propellant Rocket Conference, Baylor Univ., Waco, | 


Tex. | 


March 14-16 
School, Monterey, Calif. 


April 3-5 ARS Launch Vehicles Structures and Materials Conference, 


| 
ARS Electric Propulsion Conference, U.S. Naval Postgraduate | 
Ramada Inn, Phoenix, Ariz. | 


CHANGE-OF-ADDRESS NOTICE 


In the event of a change of address, it is necessary to include both your old and new addresses, 
as well as your membership number and coding, when notifying ARS Headquarters in order to 
insure prompt service. If you are moving or have moved, send the following form to Membership 
Dept., American Rocket Society, 500 Fifth Ave., New York 36, N.Y. 


Membership Card No Coding 


Old Add 


New Address 
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Discussions will be “off the record,” 
with primary emphasis on ideas to 
help the local sections in their ARS 
programs. The meeting is scheduled 
for the morning of Tuesday, Oct. 10. 


SECTION NEWS 


Alabama: The Section held its 
semi-annual banquet in May at the 
Huntsville Country Club. Guest 
speaker was Mortimer Rosenbaum, 
chief engineer of GD/Astronautics, 
who was introduced by Walter Berry, 
vice-president of the Section. Present 
as honored guests were Maj. Gen. John 
A. Barclay, Deputy Commander of 
AOMC, and Brig. Gen. Richard M. 
Hurst, ABMA Commander. 

The title of Rosenbaum’s talk was 
“Project Centaur and Beyond.” He 
predicted that “the Centaur will 
change the world like Columbus did.” 
The revolutionary changes will come 
from the jobs Centaur will do in ex- 
ploring outer space, such as orbiting a 
24-hr satellite. 


Von Braun 


Rosenbaum 


In June, Wernher von Braun, direc- 
tor of NASA Marshall SFC, spoke to 
a joint meeting of the local Sections of 
ARS, RCAA, and IRE on “The Why 
and the How of Space Exploration,” 
at Redstone Arsenal Rocket Audito- 
rium. He touched on many subjects, 
including the fundamentals of the 
Russian and American space programs. 

—J. Frank Rushton 


Central Colorado: Section officers 
are now as follows: James G. Gaume, 
president; J. E. Boretz, vice-president; 
T. Bradley, secretary; and Roland 
Glenn Doolittle, treasurer. 

E. Boretz 


Central Indiana: Continuing 
1961 schedule with a dinner meeting 
in late May, the Section was privileged 
to have Andrew G. Haley, General 
Counsel of ARS, as guest speaker on 
aspects of space law, a subject in 
which he is internationally recognized 
as expert. There are three methods 
generally recognized under interna- 
tional law by which a nation may 
claim territory, Haley pointed out. 
These are flag implantation and other 


| 
| 
| 
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The new 906C timing 
a system is here 


What's different about the 
NEW 906C VISICORDER OSCILLOGRAPH? 


At first glance you may see no difference at all. Just the 
same functional lines and compact size that you have come 
to recognize in the Visicorder. 
They have not changed since 1956, when the Visicorder 
principle of oscillography made immediate readout of high 
frequency data possible for the first time. 
Until now, all the improvements that have maintained the 
Visicorder’s record of leadership have been internal: 
—increased capacity to 14 channels 
—higher frequency response (0-5000 cps) 
—simultaneously recorded grid lines 
, —self-starting lamp for remote operation 
But the 906C has a new feature you can see, (look carefully 
at the back of the case) and one that represents still another 
breakthrough; a built-in flash tube timing system which not 
only generates its own time base, but which can also be 
triggered externally. You can, in other words, use the 906C’s 


HONEYWELL INTERNATIONAL 


Sales and Service offices in all principal cities of the world. Manufactur- 
ing in United States, United Kingdom, Canada, Netherlands, Germany, 
France, Japan. 


timing system to record time lines simultaneously with data. 
Or you can trigger the timing circuit externally—either by 
supplying a pulsing voltage of only +10v into 20K ohms 
impedance, or simply by causing impedance to drop to 100 
ohms or less through shorting-out or other means. 


Thus your ‘‘time’”’ signal may actually be an event marker 
related to shaft rotation, belt movement, or any other effect 
which might be more conveniently fed to the timing circuit 
than to a galvanometer. 


(Owners of Visicorders 906, 906A, and 906B will be glad 
to know that only a field-change is necessary to economically 
and easily add this timing system to their instruments) 


Write today for full information on the brand-new 906C 
Visicorder. Ask for Catalog HC-906C. Or call us at SKyline 
6-3681, Direct Distance Dialing Code 303. 


Minneapolis-Honeywell, Heiland Division 
5200 East Evans Avenue, Denver 22, Colorado 


Honeywell 
we 


SINCE 18685 
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1961-62 ARS Meeting Schedule 

Date Meeting Location Abstract Deadline 
Oct. 2-7 XIIth International Astronautical Congress Washington, D.C. Past 

Oct 9-15 ARS SPACE FLIGHT REPORT TO THE NATION New York, N.Y. Past 

1962 

Jan. 24-26 Solid Propellant Rocket Conference Waco, Tex. Oct. 20 
March 14-16 Electric Propulsion Conference Monterey, Calif. Nov. 20 
April 3-5 Launch Vehicles Structures and Materials Conference Phoenix, Ariz. Sept. 15 


symbolic ceremonies, mapping and ex- 
ploration, and actual conquest or set- 
tlement. By landing a flag on the 
moon with Lunik II, the Russians 
could have established a territorial 
claim, although they said then that no 
claim would be made. With Lunik 
III a month later, Russia photograph- 
ically mapped the rear side of the 
moon. “I asked Soviet scientists if 
they would use the mapping photos 
for a moon claim,” the speaker re- 
ported. “They said they weren't al- 
lowed to answer, and they never 
have.” Whichever nation first lands 
a manned vehicle on the moon will 
probably have world support for a ter- 
ritorial claim. One aspect of the seri- 
ousness of the space race may be 
seen from the possible power struggle 
which could result from conflicting ter- 
ritorial claims on the moon. 

Haley stressed the need for the so- 
cial sciences to accompany man into 
space. Present international agree- 
ment on space law is essentially limited 
to two points-The U.N. charter 
states that outer space will not be used 
for staging an attack upon other na- 
tions; and, during the IGY, it was 
agreed that outer space should be used 


for peaceful purposes only. Beyond 
this, there is little other than histori- 
cally accepted rights, such as that of 
a nation to defend itself if threatened 
by attack. 

Haley concluded his presentation 
with the first public showing of a new 
NASA-sponsored motion picture en- 
titled “Life on Other Planets,” cover- 
ing the new field of exo-biology, with 
discussions by Joshua Lederberg of 
Stanford Univ. and other noted scien- 
tists. Recognition of life forms 
through their ability to reproduce, 
chemical analysis of possible life forms 
to detect nucleic acids and proteins, 
and the design of unmanned explora- 
tion equipment to collect and analyze 
specimens were some of the topics 
covered in this excellent film. 

The Section concluded its spring 
series with a discussion of direct elec- 
trochemical energy conversion by John 
J. Lander, director of the Electro- 
chemical Research Dept., GM’s Delco- 
Remy Div., at a June dinner meeting. 

Dr. Lander discussed chemical-bat- 
tery and fuel-cell technology in terms 
of specific energy and power capabili- 
ties. He pointed-out that fuel cells 
have immediate practical applications 


page 21. 


Zarem added. 


Zarem Maps Plan to Double ARS Membership by Nov. 1 


A.M. Zarem, ARS Membership Committee Chairman, has announced 
a bold plan to double ARS membership during the next two months as 
the first step toward achieving the aims expressed in the Editorial on 


“While this goal may appear unrealistic,” Dr. Zarem comments, “it is 
by no means impossible of achievement, especially if we realize that all 
it would require is that every present ARS member get just one new 
member during this two-month period. The strength and prestige of the 
Society will be immeasurably enhanced if we can achieve this goal.” 

Each ARS member who gets a new memter during the months of 
September and October will receive free one of the new ARS member- 
ship pins, using a new ARS symbol to be introduced at the SPACE 
FLIGHT REPORT TO THE NATION in New York next month, Dr. 


A mailing is now going out to all ARS members which contains com- 
plete details on how to qualify for the free membership pins. 
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in such fields as standby power gen- 
eration, submarine propulsion, and 
communications. He speculated that 
fuel cells will be competitive with 
diesel engines in some _ situations 
within five years and may compete 
with gasoline engines for the private 
transportation market within a decade. 

—John P. Schmitt 


Chicago: The month of May on 
Chicago’s Midway featured a double- 
header program for our Section. The 
gaily decorated Fifth Army Officers’ 
Club provided a scenic setting for the 
annual Spacetronautic Banquet on 
May 16th, which included rocketeers, 
environmental scientists, and_ their 
ladies. A social hour, under the aus- 
pices of industrial sponsors, preceded 
the banquet. Guest speaker for this 
event was John P. Marbarger, director 
of the Univ. of Illinois Aeromedical 
Laboratory, who presented an en- 
thusiastic and entertaining description 
of “Biology and Medicine in Space Ex- 
ploration.” 

Then, the following officers for the 
1961-1962 season were installed by 
incoming Section director Milt Gold- 
stein—C. C. Miesse, president; A. A. 
Fejer (Chairman of IIT’s ME Dept.), 
vice-president; R. C. Warder, secre- 
tary; and E. Terner, treasurer. 

The “twilight game” of the May 
double-header featured a technical ad- 
dress by Battelle Memorial Institute’s 
Robert E. Maringer. Addressing a 
group of engineers, chemists, and 
members-at-large, assembled in the 
Chemistry Conference Room of the 
Armour Research Foundation, Marin- 
ger discussed “Meteorites and Their 
Past Environment.” 

Additional Maytime activity in- 
cluded co-sponsorship of the National 
Telemetry Conference, for which Milt 
Goldstein served ably as hospitality 
chairman. 

—C. C. Miesse 


Detroit: 
are our 1961 officers: 


The following members 
James S. Kirk- 
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Grumman Hawkeye carrier-based 
A.E.W. aircraft with a Brunswick- 


product. 


capability to the Navy. 


Interested engineers will find it rewarding to 
discuss career futures with Brunswick, an 
equal opportunity employer. Write or call 
Brunswick Corporation, Defense Products Di- 


vision, 1700 Messler Street, Muskegon, Mich. 


The Dalmo-Victor Division of Textron 
Inc. assigned Brunswick the task of 
fabricating the newest and most sophis- 
ticated of rotodomes. Brunswick’s vast 
experience in fabricating large plastic- 
metal structures of sandwich construc- 
tion assured the customer and the 
Navy of receiving a completely reliable 


This large, complicated structure is 
another example of Brunswick’s capa- 
Gives Hew Carly Warning bility in the field of reinforced plastics 
and metal honeycomb. Whether the 
requirement be for a small structural 


unit such as a missile radome operat- 
ing at high frequency, a large compos- 
ite structure such as the rotodome, 
large reflectors or ground domes, you 
can count on Brunswick’s project ex- 
perience to accomplish your most diffi- 
cult assignments. 

In addition, Brunswick offers imagi- 
native scientists and engineers to pro- 
vide a searching approach to materials 
and fabrication techniques and elec- 
tronic know-how. Complete testing and 
quality control facilities assure the suc- 
cess of all programs. 


MAKES YOUR IDEAS WORK 


Brunswick 


CORPORATION 
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Lockheed /Geor 


STRATEGIC AEROSPACE CENTER «= Lockheed/Georgia 
is next door to Huntsville and Cape Canaveral. This strategic 
geographic location eliminates excessive transportation costs, 
makes technical liaison more efficient, and reduces the overall time 
span of aerospace programs. And the Georgia Division is big 
enough physically to handle any program yet conceived-= 
big enough in capability to take on the full gamut of advanced 


résearch and manufacturing jobs, LOCKHEED/GEORGIA 


ty 


MARIETTA, GEORGIA 


patrick, president; Benjamin W. Bade- 
noch, vice-president; Lovell Lawrence, 
secretary; and Charles W. Brownell, 
treasurer. 
_sHoHoman: At the June dinner 
mésting; held at the Officers’ Club of 
Holloman AFB, Section President 
Harald J. von Beckh introduced the 
head table, which included Knox Mill- 
saps and other prominent guests from 
the Holloman Summer Scientific Semi- 
in Astrophysics at Cloudcroft, 
N.M. 

Dr. Millsaps introduced the speaker 
of the evening, Gerard P. Kuiper, Di- 
rector of the Lunar and Planetary Ob- 
servatory, Univ. of Arizona, who dis- 
cussed the earth as a planet seen by a 
traveler returning from outer space. 
The talk touched on the following sub- 
jects: origin of earth and moon, com- 
position and origin of the atmosphere, 
temperatures (ice ages, etc.), earth- 
quakes, continents, changes in earth 
rotational period, and migration of the 
poles and the continents. These sub- 
jects, illustrated with many good 
slides, were covered in such a manner 
that the entire group, both technical 
people and laymen, found them inter- 
esting and enjoyable. 

—Robert C. Whipple 


Kansas City: Twenty-four mem- 
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bers of the Section shared a chuck- 
wagon dinner at the World War II 
Memorial Building in April, and heard 
James G. Gaume, Chief of Space Med- 
icine for Martin-Denver, talk on “Bio- 
logical Problems in Space Operations.” 
Dr. Gaume_ reported, among other 
things, a new insight into the influence 
gravity exerts upon man’s metabolism 
and activity at the earth’s surface, as 
well as some of the measures designed 
to offset the lack of a gravity force 
during space flights. A vigorous and 
lengthy questioning period followed 
his unusual talk. 

The Section presented its annual 
plaque award to Paul Hoyt, a student 
of Shawnee Mission-North High 
School, Mission, Kan., for his local 
science fair exhibit on an inertial guid- 
ance system. The Section also 
awarded certificates of merit to 10 
other exhibitors at the science fair. 

In May, 21 members and guests 
toured Midwest Research Institute’s 
Deramus Field Station, which is lo- 
cated at Grandview, Mo. Following 
the tour and a sumptuous barbecued- 
beef picnic, the Section heard from 
guest speaker, Capt. Ronald Weinsaft, 
Information Officer, Shawnee-Mission 
(Kansas) Squadron, Civil Air Patrol. 
Capt. Weinsaft formally requested the 
Kansas City Section to provide a full 


staff to teach a space-age course de- 
signed for CAP cadets. Seven Sec- 
tion members—Verne Davis, Hank 
Pollock, Fred Bergman, Dick Fetter, 
Jim Downs, Bob Stapp, and Frank 
Inderwiesen—did teach the course, 
which began June 19th and ended July 
17th with written exams. 

—H. B. Pollock 


Maryland: The Section’s award to 
the outstanding engineer in Maryland 
went this year to Warren W. Berning 
of the Ballistic Research Laboratory, 
Aberdeen Proving Ground, for his 
outstanding work in ballistic research. 
The award was presented by ARS Ex- 
ecutive Secretary James Harford at a 
dinner meeting held in May at the 
Westinghouse Air Arm plant. 

Incidental information—The Mary- 
land Section has been accepted as an 
affiliate member of the Engineers Club 
of Baltimore. 

Education—Registration for the 
Space Institute held this year on the 
Baltimore Campus of the Univ. of 
Maryland totaled 400. The meetings 
were highly successful. Over 300 per- 
sons received the Univ. of Maryland 
Workshop Diploma for successfully 
completing the lecture series. 

Membership—Membership the 
Section increased by nearly 20% dur- 
ing the past year, and now totals ap- 
proximately 350. This places the Sec- 
tion in the upper third nationally. 

Officers—The following officers have 
been elected for the coming year: 
Joseph H. Glifford, Westinghouse Air 
Arm, president; Robert W.  Scar- 
borough, Martin’ Co., vice-president; 
Richard J. Pinamonti, Aberdeen Prov- 
ing Grounds, secretary; and Theodore 
G. Stastny, Aircraft Armaments, treas- 
urer. 

At a June meeting, guest Albert W. 
Hetherington, ARDC Technical Direc- 
tor for Bioastronautics, discussed “Life 
Support and Medical Aspects of Man- 
In-Space.” Dr. Hetherington covered 
the biological problems confronting 
man as he attempts to enter the en- 
vironments of outer space. He dis- 
cussed present experiments for explor- 
ing weightlessness, human _ reaction 
time while traveling at high orbital 
speeds, effects of radiation, and mental 
strain. 

Dr. Hetherington’s talk was the final 
topic in our Man-In-Space Lecture Se- 
ries for the 1960-61 season. The 
meeting was held at the Westinghouse 
Air Arm Div. in Baltimore following a 
cocktail hour and dinner. 

—Howard C. Filbert 


National Capital: At a luncheon 
meeting held at the Washington Hotel 
in June, the Section heard Leo Steg, 
manager of GE’s Space Sciences Lab- 
oratories, discuss “Man vs. Ma- 
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He designed a 
new interchange 
for radio traffic 


This AMF engineer, part of an 
AMF-U.S. Army team, solved the 
problem of traffic delays and personal 
danger in manual re-connection of 
jumpers when interchanging R.F. 
transmitters and antennas. 


His solution is a push-button-op- 
erated, coaxial crossbar switching 
system, using vacuum switches for 
circuit selection. A typical system 
consists of 4 transmitter inputs, 7 
antenna outputs plus a dummy load, 
ina 4x8 matrix that can be mounted 
in a 19” rack. It can be controlled 
locally or remotely over any type of 
communication network having a 
bandwidth of at least 200 cycles. 


AMF’s coaxial crossbar switching 
system provides 100% flexibility in 
circuit path selection and accommo- 
dates power levels as high as 500,000 
watts and frequencies up to 30 mega- 
cycles. It allows 100% utilization of 
all transmitting equipment. Stubs 
are automatically eliminated. 


To insure fail-safe operation, 
power is required for the vacuum 
switches only during change of con- 
dition. Selection rate: 1 per second. 
Operating transmitters are safety- 
interlocked to insure a load. There 
are no hazards from open wires or 
inadvertent application of power to 
dead-lined antennas. 


Single Command Concept 


AMF’s imagination and skills are 
organized in a single operational 
unit offering a wide range of engi- 
neering and production capabilities. 
Its purpose: to accept assignments 
at any stage from concept through 
development, production, and serv- 
ice training...and to complete them 
faster...in 


* Ground Support Equipment 

« Weapon Systems 

Undersea Warfare 

Radar 

¢ Automatic Handling & Processing 
Range Instrumentation 

¢ Space Environment Equipment 

¢ Nuclear Research & Development 


GOVERNMENT PRODUCTS GROUP, 
AMF Building, 261 Madison Avenue, 
New York 16, N. Y. 


AMERICAN MACHINE & FOUNDRY COMPANY 


end manufact AMF h 

engineering and manufacturin as ingenuity You Gan Use.) 


chines for Space Exploration.” The 
luncheon meeting was well attended. 
—E. Paul Jackson 


Northeastern New York: Newly 
elected officers of the Section are as 
follows: Erwin Fried, president; 
Howard H. Fawcett, vice-president; 
Augustus H. Fox, secretary; and Al- 
fred R. Graham, treasurer. These of- 
ficers will serve from June 1961 
through May 1962. 

—Erwin Fried 


Northern California: Members and 
guests attending the May dinner meet- 
ing at L’Omelette restaurant in Palo 
Alto witnessed installation proceedings 
and presentation of a charter to the 
newly formed Stanford Univ. Student 
Chapter. Student officers—president, 
Peter Zimmerman; vice-president, 
Michael Randall; secretary, Henry 
Werner; and treasurer Bill Feyer— 
were introduced by their faculty spon- 
sor, Howard Seifert. Dr. Seifert, in 
his capacity as member of the Na- 
tional Board of ARS, presented the 
charter to Zimmerman. 

Then, guest speaker Albert Shapero, 
manager of the systems-analysis pro- 
gram in the Economics Div. of Stan- 
ford Research Institute, presented the 
feature address of the evening on 
“Men, Missiles and Malfunctions,” de- 
scribing his work on methods and 
models for the analysis of man—ma- 
chine systems. Shapero made the fol- 
lowing points: 


1. A significant portion of re- 
corded malfunctions are human-ini- 


has announced . 


Astronautical Exposition. 


Air Force Officers to Hold Symposium at SFRN 


An Aerospace Symposium will be held by the N.Y. Air Reserve 
Procurement Section Headquarters of the Eastern Contract Manage- 
ment Region for 250 reserve officers on Saturday, Oct. 14, at the N.Y. 
Coliseum, Lt. Col. Max Kaplan, program chairman for the symposium 


The symposium, which will be held during the ARS SPACE 
FLIGHT REPORT TO THE NATION, will review the military and 
commercial aspects of the aerospace industry. The symposium will 
be conducted during a single morning session and in the afternoon the 
officers will be given a guided tour of the exhibits at the annual ARS 


Participants in the symposium will be James R. Kerr, president, Avco 
Corp.; Gen. Walter Bain, vice president, RCA; Arthur Kantrowitz, chief 
scientist and vice president, Avco Corp.; and Willy Ley, noted lecturer 
and author in the field of astronautics. 

An estimated 250 air procurement reserve officers from New York, 
Philadelphia, Boston, Middletown, Pa., and Dayton, Ohio are expected 
to attend. Members of the 9215th Information Services Squadron, in- 
cluding Robert Wagner, Mayor of New York City, who is a member 
of the squadron, have also been invited to attend the symposium. 


tiated (20 to 53% of reported equip- 
ment failures and 16 to 23% of un- 
scheduled holds). 

2. The malfunction-data-collec- 
tion systems being used are inade- 
quate for identifying or obtaining 
pertinent data on human-initiated 
malfunctions. 

3. Little, if any, systematic hu- 
man-factors performance testing is 
being undertaken. 


And he remarked, “Designing hu- 
mans out is not the answer as humans 


ARS Tennessee Section Participates in 
Simulated-Altitude Rocket Testing Symposium 


More than 200 rocket experts from in- 
dustry, government, the military, and 
research and educational institutions 
attended a two-day symposium re- 
cently on simulated-altitude testing of 
rocket motors at the Arnold Engineer- 
ing Development Center, Arnold 
AFS, Tenn. The ARS Tennessee Sec- 
tion, many of whom are members of 
ARO, Inc., contractor company for 
AEDC operations, provided support 
for the meeting. 

Above right, visitors enter Satellite 
Rocket Cell J-3 on a tour of the 
AEDC facilities. Below right, Walter 
Dornberger, center, vice-president 
and chief scientist of Bell Aerosys- 
tems Co., prepares to speak on the 
military uses of space at a banquet 
during the symposium. He is flanked 
on the left by B. H. Goethert, director 


_ of engineering for ARO, and on the 


right by C. T. Morrow, manager of 
technical relations for Aerospace 
Corp., a sponsor of the symposium. 
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make the lousy designs work!” He 
concludes that to attack these prob- 
lems we need systematic approaches 
which will enable them to be handled 
within the current engineering con- 
text. 

—Robert O. Webster 


Orlando: The following are the 
officers elected for the 1961-62 season: 
Edward T. Munnell, president; Ray- 
mond T. Patterson, vice-president; Joy 
L. Floyd, secretary; and Robert J. 
Classen, treasurer. 


—John M. Allen 


Pacific Northwest: The first meet- 
ing of 1961 was held in March at the 
Boeing Scientific Research Labora- 
tories, with 68 attending, including 
students from the local universities. 
Guest speaker Robert J. Parks, JPL’s 
Planetary Programs Director, discussed 
the unmanned lunar and planetary ex- 
ploration programs of NASA, includ- 
ing details of Ranger, Surveyor, Pros- 
pector, Mariner, and Voyager. Of par- 
ticular interest was the wealth of data 
basic to the flight planning of such 
missions. 

The second meeting was held in 
May, also at Boeing SRL, with 45 
members and guests, including stu- 
dents, attending. Guest speaker Eu- 
gene Perchonok, manager of the Ad- 
vanced Engines Research Dept. of 
Marquardt’s Astro Div., discussed 
“Hypersonic Air Breathing Orbital 
Boosters.” 

His estimates of the commitments 
to space included about 25,000 tons 
to a lunar base at a cost of about 15- 
billion dollars. A manned space sta- 
tion was estimated at aggregate 6400 
tons for a cost of 5 billion. With such 
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Sperry FPS-35 radar with antenna fabricated by B-L-H. 


B-L-H fabricates giant 
USAF radar watchdogs 


Eight huge steel antennas—each weighing nearly 70 
tons, 38 ft. tall at midpoint, 125 ft. from blunted tip to 
tip—had to be fabricated. Sperry Gyroscope picked 
B-L-H. These antennas are the transmitting and sensing 
elements of the Sperry FPS-35 radars now being in- 
stalled for the nation’s new Air-Search Radar network. 

Each antenna is faced with 101 panel sections, which 
consist of steel sheets perforated with 3-in. holes on 
4-in. centers. Panels had to be fabricated with extreme 
care because construction to precise yet varying curva- 
tures and sizes is vital in preventing cumulative toler- 
ance errors that would seriously weaken the radar’s capa- 
bility. Some 50 different panel sections had to be made. 


BALDWIN - LIMA: HAMILTON 
Industrial Equipment Division - Philadelphia 42, Pa. 


Portage machine, one of largest ever built, checks curvature of 
radar antenna panels, gives micrometerlike direct reading to 
within .010 in. 


Most of the strength of the antennas, which must 
withstand 126 mph winds, is supplied by a network of 
supporting trusses. Fifty-two sizes of seamless steel 
tubing were used in constructing this pipework. And in 
fabricating the base structure, a steel ring of 14914-in. 
diam. had to be turned to a flatness tolerance of .003- 
.004 inch in 360 degrees. 

Because of its broad experience, its enormous shop 
areas, and its unsurpassed facilities for the fabrication 
of large, unwieldy structures, B-L-H is able to carry out 
projects of this magnitude efficiently and economically. 
It will pay you to consult us. Write Dept. G-9 for 
further information and for illustrated literature. 
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Increased technical responsibilities in 
the field of range measurements have 
required the creation of new positions 
at the Lincoln Laboratory. We invite 
inquiries from senior members of the 
scientific community interested in par- 
ticipating with us in solving problems 
of the greatest urgency in the defense of 


the Nation. 


RADIO PHYSICS 
and ASTRONOMY 


RE-ENTRY PHYSICS 


PENETRATION AIDS 
DEVELOPMENT 


TARGET IDENTIFICATION 
RESEARCH 


SYSTEMS: Space Surveillance 


Strategic Communications 
Integrated Data Networks 


NEW RADAR TECHNIQUES 
SYSTEM ANALYSIS 
COMMUNICATIONS: Techniques 


Psychology 
Theory 


INFORMATION PROCESSING 


SOLID STATE Physics, Chemistry, 
and Metallurgy 


A more complete description of the Laboratory’s work will 
be sent to you upon request. 


All qualified applicants will receive consideration for employment without 


regard to race, creed, color or national origin. 


Research and Development 


LINCOLN LABORATORY 
Massachusetts Institute of Technology 
BOX 24 

LEXINGTON 73, MASSACHUSETTS 
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high costs, his view was that some 
form of propulsion other than rockets 
should be used for the first stage to 
achieve much higher specific impulses, 
Suggested were supersonic-ramjet and 
hybrid ramjet-rocket engines combined 
into a recoverable system. His dis- 
cussion produced a lively question and 
answer period, unfortunately cut short 
by the then late evening hour. 
Section President Beckelman an- 
nounced that Eugen Sanger has tenta- 
tively accepted an October, and the 
Hon. Henry M. Jackson, U.S. Senator 
from Washington State a November, 
speaker’s role. 
—Howard C. Tinney 


Palm Beach: In June, some 57 
members and guests heard guest 
speaker Dorian Shainin, vice-president 
of Rath & Strong of Boston, Mass., dis- 
cuss “Reliability in Aerospace Tech- 
nology.” This meeting and talk were 
certainly one of the highlights of the 
year. The discussion started with 
basic reliability definitions and led into 
an analysis of the techniques which are 
being used to demonstrate reliability. 
Of special interest were some of the 
latest methods being used to demon- 
strate reliability with a fewer number 
of test specimens. 

The Section experienced its best- 
attended meeting to date in June, with 
170 members and guests present. The 
speaker was NASA’s Jack Abercrom- 
bie, chief, Saturn project, Cape Ca- 
naveral, who discussed the Saturn 
Project, in particular the launch pad 
at Canaveral. He also presented the 
latest Mercury project progress-report 
film. 

—Harold J. Tiedemann 


Tennessee: Approximately 120 
members and guests attended the May 
meeting of the Section to hear Maj. 
Gen. Don R. Ostrander, director of 
Launch Vehicle Programs for NASA, 
discuss current and future boosters for 
the nation’s space program. He dis- 
cussed various configurations and pro- 
posals for Saturn; Apollo and Nova 
and their proposed use; nuclear power 
for space craft; and orbiting space- 
stations as stepping stones for flights 
to Mars and Venus. His presentation 
was concluded with a short NASA 
film concerning Commander Shepard's 
suborbital space flight, including pre- 
viously unreleased films taken of Com- 
mander Shepard during his flight. 
This was a most entertaining and in- 
formative evening. 

Members of the Section and of the 
Univ. of Tennessee Student Section 
provided support for the Simulated- 
High-Altitude Rocket Testing Sym- 
posium held at the Arnold Engineering 
Development Center June 28-29. 
More than 200 top-level specialists in 


| | | | 


the rocket, missile, and space-vehicle 
fields attended the technical presenta- 
tions and panel discussions, in which 
current and future testing-facility re- 
quirements were reviewed. 

The technical papers presented, 
with few exceptions, reflected the test- 
ing techniques utilized to investigate 
liquid and solid-system performance 
parameters in a high-altitude condi- 
tion. Seven of the 26 papers dealt 
with facility requirements for testing at 
high altitude and space simulation 
techniques for improving future test- 
ing. 

The symposium concluded by pre- 
dicting what the test requirements will 
be for future weapon systems. 

Walter Dornberger, the main ban- 
quet speaker, gave his views on what 
part the military should play in the 
space program. 

—T. J. Gillard 
and Harvey M. Cook 


ARS Maryland Section 
Honors W. Berning 


Warren Berning, right, receives the 
ARS Maryland Section’s annual award 
for contributions to rocketry and as- 
tronautics from James Harford, ARS 
National Executive Secretary, at cere- 
monies during a special dinner meet- 
ing held recently at Westinghouse Air 
Arm Div. On the staff of Aberdeen 
Proving Ground’s Ballistic Research 
Lab, Berning received the award in 
particular for his outstanding contribu- 
tions to ballistic research. 


DSIF Adding S-band 


The Seigler Corp. has received a 
$500,000 contract from JPL to design 
and build S-band (2300-mc) equip- 
ment for the Goldstone DSS of the 
NASA Deep Space Instrumentation 
Facility. Eventually Woomera and 
Johannesburg DSS’s will receive simi- 
lar equipment. S-band will figure in 
communications for many deep-space 
and lunar vehicles. 


Behind these reels... 


a new high in 
system reliability 


Performance is the measure of capability—and CEC’s new 
GR-2800 Recorder/Reproducer System has it with more ver- 
satility and higher stability than ever offered before—all at a 
lower price. Here are some of its features: Solid State Elec- 
tronics = Direct, FM and PDM Modes * Plug-in Amplifiers 
Interchangeable with PR-2300 Electronics = Magnetic Ampli- 
fier Tape Tension Control Six Standard Speeds 17s —60 ips 
» Direct Record Response 100 cps— 100 ke = FM Response 0— 
10 ke » 14-Channel Record and Reproduce in Single Cabinet. 
For complete information, call your nearest CEC sales and 


service office or write for Bulletin CEC 2800-X1. 


Data Recorders Division 


CONSOLIDATED ELECTRODYNAMICS 


PASADENA, CALIFORNIA « A SUBSIDIARY OF BELL & HOWELL 
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This small-scale Aerojet facility evaluated Titan silo-launching design. A model 
Titan can be seen protruding above the deck disk in left photo, and at the right 


it is seen with and without its external skin. 


DSIF in Ranger Project 
(CONTINUED FROM PAGE 37 ) 


doppler and to a standard reference 
frequency in the case of one-way 
doppler. In the one-way system, 
where the spacecraft generates and 
transmits a carrier signal to Earth, the 
drift in frequency of the spacecraft 
oscillator is unknown. Consequently, 
the received frequency will not reflect 
the true doppler shift. 

In the two-way system, any drift 
of the transmitter-oscillator can be 
measured precisely, and the doppler 
measurement can be adjusted accord- 
ingly. Also, in the two-way system, 
the doppler-frequency shift is approxi- 
mately doubled, since the carrier signal 
must travel to the space vehicle and 
back again. Therefore, the precision 
with which the radial velocity can be 
measured is increased, inasmuch as 
a specific velocity is represented by 
a larger frequency shift than in the 
one-way system. The doppler fre- 
quency shift is measured in the DSIF 
at nominally 30 mc, except at the 
Goldstone Station, where, for greater 
precision, the frequency is multiplied 
by 30 to obtain the shift at the carrier 
frequency. 

During those periods when the 
space probe is “visible” to both the 
Goldstone Station and an_ overseas 
station, the signal received by the 
overseas station will be the Goldstone 
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carrier as retransmitted by the space- 
probe transponder. The data so re- 
ceived by the overseas station may 
then be correlated with Goldstone 
transmission data and a pseudo two- 
way doppler measurement achieved. 
Similarly, the accuracy of the one- 
way system may be improved when- 
ever the space vehicle is “visible” to 
both overseas stations. By correlat- 
ing the recorded data from each sta- 
tion, the  spacecraft-oscillator drift 
may be calculated and the data meas- 
urements improved. 


Interim Configuration Used 


The nominal system parameters for 
the Ranger 1 and 2 experiments repre- 
sent an interim configuration which 
will be updated for Ranger 3, 4, and 
5. Under the present design, the 
DSIF has a measured antenna gain of 
44 db, a system excess noise tempera- 
ture of 1430 K, and a transmitter 
power capability of 200 watts. The 
Ranger 1 and 2 space vehicles will 
have antenna gains of nominally 18 
db for the directional antenna and 0 
db for the omnidirectional antenna. 
The spacecraft receiver has an excess 
noise temperature of 5800 K, with a 
transponder-transmitter power output 
of approximately 3 watts. The graphs 
on page 37 show typical spacecraft-to- 
Earth and Earth-to-spacecraft com- 
munication capabilities for Ranger 1 
and 2. 


The successful launching of a Titan 
missile from a silo at Vandenberg AFB 
in early summer culminated over two 
years of research and testing at Aero- 
jet-General to establish design criteria 
for construction of operational under- 
ground launching silos. The scale- 
model silo shown (left) and the mini- 
ature Titan missile pictured on the 
right were built and tested at Aerojet’s 
Azusa plant for this work. 

The ground level of the operational 
silo was simulated by a 30-ft-diam 
steel platform midway up the tower. 
The scale-model Titan, shown project- 
ing above the platform in the photo 
(left), was fired from a 4.5-ft-diam 
duct fitted inside the main silo cylin- 
der. The scale model was powered 
by two Aerojet-produced Nike-Ajax 
liquid engines. The photos right show 
this test vehicle with and without its 
external skin. 

Operational Titan missile silos will 
be 139 ft long—about the height of a 
14-story building—50 ft wide and com- 
pletely underground. 


Scientific and engineering measure- 
ments taken by instruments on the 
Ranger 1 and 2 space vehicles are 
transmitted to Earth by normal telem- 
etering techniques. Telemetry data 
are received in the form of a carrier 
frequency which is phase-modulated 
by a number of audiofrequency sub- 
carriers (channels). Nine telemetry 
channels are available within a band- 
width of 3.5 ke. Subcarrier detec- 
tion is accomplished by means of a 
bandpass filter and discriminator for 
each subcarrier channel. The sub- 
carriers are frequency-modulated with 
either analog voltages or binary data, 
depending upon the type of measure- 
ments involved. Also, in order to in- 
crease the number of measurements 
which can be transmitted from the 
space vehicle, the measurements are 
time-multiplexed on the subcarriers; 
that is, two or more measurements 
will alternately modulate a subcarrier 
at specific intervals and for specific 
lengths of time. 

Since time is one of the basic pa- 
rameters of scientific measurement, 
the precision and accuracy of measure- 
ments depend upon the timing tech- 
niques used. The DSIF employs a 
temperature-controlled crystal oscil- 
lator to produce a 1-mc/s signal, 
which is used as the basic timing fre- 
quency for the system. Accuracy is 
maintained by comparing the DSIF 
timing signal with the international 
timing signal from station WWV. 


. Simulator Paves the Way for Successful Titan Silo Launch 


Also, in addition to providing time 
labels, the timing system provides 
reference frequencies for extracting 
n information both from incoming space- 
B craft signals and from the monitoring 


signals of the DSIF equipment. The M he I M hi 
extracted from these sig- at emagica acl ines 
a nals is conditioned and then recorded " 
by seven-channel magnetic-tape re- 
. corders and/or direct-writing oscillo- 
graphs. 

For the hard-lander series—Ranger 
3, 4, and 5—the DSIF capability will 
be expanded in several areas. A 
10-kw 890-mc/s transmitter will be in- 
' stalled at the Johannesburg Station in 
time for Ranger 4 and will enable the 
station to have complete transmit- 
receive capability. This transmitter 
however, will be used in a 200-watt 
mode for this program. Parametric 
amplifiers will be installed at each site, 
reducing the standard receiving-system 
noise temperature from a nominal 
1430 K to 220 K. A maser amplifier 
will be provided at the Goldstone Sta- 
tion to enable RF tracking through the 
retro-maneuver and to provide other 
low-noise listening when required. 
System noise temperature with this 
maser will be a nominal 75 K (not 
including the contribution of the 
Moon at 960 mc/s, which adds ap- 
proximately 30 K). Improved listen- 
ing feeds will be installed concurrently 
with the installation of the low-noise 
amplifiers. The lower noise temper- 
ature for the receiver system will im- 
prove the spacecraft-Earth signal-to- 
threshold ratio approximately 8 db. 
The DSIF will track each successful 
hard-landed vehicle for a period of 
90 days or as long as the 33-milliwatt 
lunar transmitter is operating. The 
expected signal-to-noise ratio of the 
seismometer data in a 5-cps bandwidth 
will approach 20 db. 
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Welded Rocket Motor Case 
Fabrication Booklet Offered 


The American Welding Society has 
just published a 65-page booklet on 
“Fabrication of Welded Rocket Motor 
Cases,” prepared by the AWS Missiles 
and Rockets Welded Fabrication Com- ) 
mittee. Covering materials, design, 
welding, and quality assurance, the scientific laborato ry 
booklet is available to ARS members at ieeieanieceasieciaiiiii 
the special price of $2. Copies may . 
can Welding Society, 33 W. 39th St., 

N.Y. 18,N.Y. 
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pinpoint 
a NASA 


payload 


CALTECH'S JPL RANGER, 
to carry research instrument packages 
to the moon, will rely upon precision 
design, construction, testing and 
performance of Motorola electronic 


equipment. Comprehensive measurements 


of operational and navigational data 


the aboard will be assembled for transmission 
by its Flight Data Encoder. An all 
Moon... solid state Transponder generates 
requires the telemetry carrier, receives ground 
commands, and translates carrier 

Motorola frequencies for two-way Doppler velocity 
systems measurements. % In laboratories and 

at launch site, Payload Test Sets will check 

reliability 


out the spacecraft RF communications 
system. At NASA’s transmitter and receiver 
sites, Calibration Beacons will check 
command transmitter performance and radiate 
precise signals to test telemetry receivers. 
% Motorola’s participation in Ranger lunar 
probes demonstrates its space communications 


capabilities for frontier programs. 


Military Electronics Division AA) MOTOROLA 


CHICAGO 51, Illinois, 1450 North Cicero Avenue 
Qualified technical personnel 
are invited to apply COTTSDALE, Arizona, 8201 East McDowe oa 
RIVERSIDE, California, 8330 Indiana Avenue 
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The Ranger Booster Initial Orbital Parameters of Discoverer Satellites 


Le (CONTINUED FROM PAGE 31) Discoverer Injection altitude Injection angle Eccentricity 

aM number (nautical miles) (degrees) (actual) 

Ee programmed autopilot. After about 1 159 —2.5 0.059 

0 91/, min, the booster engines are 2 138 +0.2 0.007 

stopped and jettisoned, and guidance 3 144 —0,22 Orbit not achieved— 

2 control is transferred to the G.E. radio 4 90 +0.1 velocity low 
guidance unit. The Agena restart 5 120 +0.01 0.041 
timer, which activates the primary 6 121 +0.4 0.047 

f/m Agena timer to set the time of lunar in- 7 114 —0.34 0.049 

. jection from the parking orbit, is 8 114 —0.04 0.102 
sustainer engine is stopped and the 11 92 —0.16 0.32 
Atlas is controlled and propelled by 12 90.5 —8.3 Orbit not achieved— 
the vernier engines, the primary Agena Agena failure 
timer is started by Atlas guidance from 13 139.7 +0.18 0.0326 
ground command. The Atlas vernier 14 104.6 ~0.22 0.046 
engines are then stopped, the Agena 15 114.2 ~0.1 0.040 
inertial reference package is uncaged, 16 Agena failure—no injection. 
the shroud over the payload is 17 103.4 —0.14 0.0582 
ejected, the Agena is separated from 18 136.0 — 0.02 0.031 
the Atlas, the Agena control system is 19 117.7 —0.5 0.0334 
activated, and the first coast phase 20 177 +0.3 0.0366 
begins. During this coast phase, the 21 112.1 —0.14 0.0372 
Agena attitude is changed to nearly 22 Agena failure—no orbit 
horizontal, and the horizon sensor is 23 165 —0.03 0.026 
activated. 24 Agena failure—no orbit 

The guidance system of the Agena 25 Orbit and recovered successfully Parameters not available 

consists of the horizon sensor, inertial at time of writing 


BAR X-SEALS EVERYTHING 


AT TEMPERATURES FROM —400°F TO +1500°F! 


ANY FLUID—GAS—FUELS—WATER—LIQUID METALS— CRYOGENIC FLUIDS—CORROSIVE FLUIDS 
ANY SYSTEM—HYDRAULIC — PNEUMATIC — VACUUM — CRYOGENIC — NUCLEAR 


LOAD 
HERE 
HOT GAS SERVOS 
SEAL HERE — 
BAR-X-SIZES: 
ns _ DUAL-SEAL REDUNDANT DESIGN ¥/2"” TO 3” STANDARD SPACE INFINITE 
YOURS VACUUM SYSTEMS DYNAMIC & STATIC APPLICATIONS 3”T0 12” SPECIAL ENVIRONMENTS STORAGE LIFE 
NO CATASTROPHIC FAILURES IT SEALS 


INFINITE STORAGE LIFE 
UNPRECEDENTED SERVICE LIFE 


- Eliminates critical downtime ™ Very high and very low pressure | 


“PUMPS Easy, foolproof installation (not a mechanism) @ All-metal— 
IT SEALS » non-contaminating ™ Stable, symmetrical design es 
IT SEALS WRITE TODAY FOR THE FULL STORY! SALES ENGINEERS IN PRINCIPAL Cities, N° DOWNTIME FROM SEAL FAILU 
Wis IT SEALS 
i 
© IVGims = 
E. B. WIGGINS OIL TOOL CO., INC., Dept. Al 
NUCLEAR 3424 E. Olympic Blvd., Los Angeles 23, Calif. 
ROCKET ENGINES ENVIRONMENTS TWX 14030, Phone AN9-0181 HIGH PRESSURES i 
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in a HAWS Emergency 
Drench Shower. 


Burning, corrosive, caustic 
contamination can inflict injuries 
more dangerous than blazing 
clothing! Contamination by 
acids, chemicals, volatile fuels. 
radioactive elements, etc.. 

must be instantly countered by 
first aid. Immediate drenching 
with clear water is the first 
precaution against permanent 
injury. HAWS leads in 

design and production of 
Emergency Drench Showers! 
Ask for our complete catalog. 


Model 8590 
Multiple nozzle shower drenches 
victim from all angles. 


DRENCH SHOWERS 


Since 1909 


a product of HAWS DRINKING FAUCET COMPANY 1443 Fourth St., Berkeley 10, Calif. 


RESEARCH ENGINEERS 
MECHANICS AND STRUCTURES 


Challenging opportunities exist in Applied Mechanics and Structures 
for creative and imaginative research engineers. These positions offer 
an opportunity to work in small project groups in an intimate environ- 
ment with some of the leading engineers in this field. We need men 
experienced on research problems in one or more of the following areas: 


PROTECTIVE CONSTRUCTION CONTINUUM MECHANICS 
STRUCTURAL DYNAMICS VIBRATIONS 

ELASTICITY VIBRATIONS AND SHOCK 
PLASTICITY MINIMUM WEIGHT DESIGN 
THERMOELASTICITY SOIL DYNAMICS 


These positions are non-routine and require men with initiative and 
resourcefulness. Advanced degree in Mechanical Engineering, Civil 
Engineering or Applied Mechanics preferred. All qualified applicants 
will receive consideration for employment without regard to race, 
creed, color or national origin. 


Excellent employee benefits including tuition free graduate study and 
a liberal vacation policy. Please send resume to E. B. Beck. 


ARMOUR 
RESEARCH 
FOUNDATION 


OF ILLINOIS INSTITUTE OF TECHNOLOGY 
TECHNOLOGY CENTER, CHICAGO 16, ILL. 
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reference, velocity meter, primary 
timer, restart timer, junction boxes 
and resistive networks. The horizon 
sensor provides the local vertical in 
pitch and roll. 

The stabilization system which en- 
ables the Agena to maintain its posi- 
tion relative to the local vertical de- 
pends primarily upon attitude infor- 
mation supplied by three orthogonal 
position gyros in the inertial reference 
package. The position signals from 
this package, combined in conven- 
tional manner with rate information, 
are used to control the vehicle attitude 
through two alternative control sys- 
tems. When the vehicle is coasting 
(during ascent or on orbit), the error 
signals actuate cold gas reaction jets 
through specially designed propor- 
tional gas valves. The jets are fed 
by a mixture of dry nitrogen (No) 
and tetrafluoromethane (CF,) stored 
at high pressure in a titanium sphere. 
The pitch and yaw moments provided 
by this control system, although ade- 
quate for coasting flight, are not de- 
signed to overcome the asymmetry of 
the main rocket motor during pow- 
ered flight. They are therefore 
locked out when the main motor is 
operating, and pitch and yaw control 
is then obtained by two hydraulic 
servos moving the main engine nozzle. 

The method used to guide the 
Agena vehicle into orbit, and its sub- 
sequent operations during orbit, re- 
quire the orientation of the vehicle 
to be changed by command from 
the timer. These maneuvers are 
achieved by torquing the position 
gyros of the inertial reference pack- 
age in response to electrical command 
signals. 

This steady rate is only a rough ap- 
proximation to the accurate pitch 
rate. To provide accurate location 
relative to the local vertical in pitch, 
and also to compensate for the drift 
in all three gyros of the inertial refer- 
ence package, a continuous indication 
of the local vertical is provided by the 
horizon sensor. The sensor measures 
directly deviations from the required 
attitude in pitch and roll, and its error 


signals are applied to correct the posi-. 


tions of the pitch and roll gyros in 
the inertial reference package. The 
roll error signal from the horizon sen- 
sor is also fed to the yaw gyro, operat- 
ing in a “gyro-compassing” mode to 
correct any deviation in yaw. 

In this system, a drift rate of the 
position gyros, or an inaccuracy in the 
pitch rate pre-programmed to take 
account of the orbital motion, will re- 
sult in an offset in pitch, roll, or yaw, 
depending upon the gain of the hori- 
zon scanner coupling. 

The timers are digital counters 
which are pre-set before launch to 
supply an activation signal to all 
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Agena equipment that must be started 
and stopped at a precise time during 
the sequence of events of a trajectory. 
The time of starting the primary 
timer is controlled by ground com- 
mand through Atlas guidance. The 
time for stopping the first Agena burn 
is controlled by the velocity meter. 
The time of ignition for second burn 
is controlled by the restart timer, and 
the time of engine-off is controlled by 
the velocity meter. 

The spaceframe is built of magne- 
sium-thorium alloys. This subsystem 
is the frame or the platform from 
which the other subsystems perform 
their functions. It includes a shroud 
to protect the payload from dynamic 
pressures and aerodynamic heating in 
ascent, a forward equipment rack, in- 
tegral fuel tanks made of 6061-T6 
aluminum with hemispherical bulk- 
heads, aft midbody assembly which 
provides the interface for the separa- 
tion plane between the Agena and the 
booster adapter, and aft equipment 
rack which encloses the engine and 
provides space for the attachment of 
standard or special equipment, e.g., 
pressurization spheres, hydraulic sys- 
tem, and gas jets. 


Engine Is Hustler Type 


The engine is manufactured by Bell 
Aircraft Co. and is a variation of the 
Hustler engine. The fuel is UDMH, 
and the oxidizer IRFNA, a hypergolic 
combination. The engine system con- 
sists of the thrust chamber, turbine 
pump, and engine mounts. The two 
turbine pumps supply the propellants 
at the required flow rate and pressure. 
Solid-propellant starters are used 
which provide hot gas to a gas gener- 
ator which drives a turbine connected 
to the pumps. The gas generator is 
then powered by UDMH and IRFNA 
for the remainder of its operation. 
The pump assembly also powers the 
hydraulic pump. The engine is gim- 
balled and uses hydraulic actuators. 
Part of the total thrust of the engine 
is supplied by the exhaust gases of 
the gas generator. 

Electrical power for the Agena is 
supplied by silver-peroxide-zinc bat- 
teries. Inverters, a power amplifier, 
regulator switches, and filament trans- 
formers are used to convert, boost, 
regulate, and distribute the electrical 
power. 

At the end of the coast phase, 
which is at an altitude of 100 n.mi., 
the solid-propellant ullage rockets are 
fired. The acceleration of these 
rockets provides a net positive pres- 
sure head for the propellants to the 
pump, the engine is started, and the 
Agena achieves the required velocity 
for a 100-n.mi. circular parking orbit. 
After the end of first burn, the Agena 


engineers 
scientists 
CHALLENGING CAREER OPPORTUNITIES 


in 
ADVANCED PROJECTS and APPLIED RESEARCH 


The dominant role of Pratt & Whitney Aircraft in the national aerospace program 
is apparent in the research and development projects and long-range product plan- 
ning being conducted at their EAST HARTFORD, CONNECTICUT FACILITY. 


At present, a limited number of openings exist for specialized engineers and 
scientists who can contribute to the furthering of technical knowledge within Ad- 
vanced Research and Development Programs. Experience is required in any of the 
following fields: liquid rockets, magnetohydrodynamics, nuclear power, thermionic 
and thermo-electric conversion, hypersonic propulsion, fuel cells and studies in 
cryogenics. 


@ Electrical Engineers—-for analytical and experimental investiga- 
tions in advanced rotating machinery of conventional and un- 
conventional design. Investigations in a broad range of new 
applications including cryogenic and very high temperature high 
speed machines. Openings for all levels of experience and for 
degrees ranging from BS to PhD in electrical engineering. 


@ Aero Thermo Engineers—for performance and optimization 
studies of all types of advanced power plant and vehicle systems 
including air and space craft, missile aircraft, marine and in- 
dustrial applications. 


@ Applied Science—for advanced research and development work in 
the fields of nuclear, chemical and direct conversion equipment. 
Openings exist at BS through PhD levels in Engineering or 
Physics. 


@ Nuclear Engineers—to work with advanced concepts in reactor 
systems and components, 


MECHANICAL DESIGN ENGINEERING 


Engineers to engage in the mechanical design of propulsion systems, including 
turbojet, turbofans, liquid rockets, magnetohydrodynamics, nuclear and fuel cell 
power applications. Must have a minimum of 5 years’ related experience. 


ANALYTICAL DESIGN ENGINEERING 


Engineers with experience in the analysis of propulsion systems design, including 
the fields of advanced structures, stress analysis, vibration, compressor analysis, 
turbine analysis and combustion and heat transfer. Must have a minimum of 5 
years’ related experience. 

Please submit your resume, including minimum salary requirements, to: 


MR. P. R. SMITH, OFFICE 50 


llreplies will be handled promptly and in complete confidence. 


PRATT & WHITNEY 
AIRCRAFT 


DIVISION OF UNITED AIRCRAFT CORPORATION 
EAST HARTFORD 8, CONNECTICUT 


All qualified applicants will receive consideration for employment 
without regard to race, creed, color or national origin. 
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coasts through the distance subtended 
by an angle of about 50 deg. Then 
the second set of ullage rockets is fired, 
and second burn begins for the lunar 
injection trajectory. At the end of 
second burn, the payload is separated, 
the Agena is turned through an angle 
of 180 deg in yaw, and a third set of 
ullage rockets is fired to change 
the Agena trajectory so that it will 
not hit and contaminate the Moon. 
The payload proceeds on the lunar 
trajectory and corrections are applied 
by ground command. Lockheed also 
developed the sterilization equipment 
that is used to sterilize the payload 
before launch. 

The guidance and control system 
has demonstrated a high degree of 
precision in previous Agena flights, 
and the following review of the re- 


Left, NASA Marshall Space Flight Center Fabrication Div. constructed this 43- 


quirements and performance will show 
this capability. At this time, the 
greatest part of the Agena experience 
has been obtained on the AF Dis- 
coverer Program, so it will be used to 
describe the importance of achieving 
precise control of injection velocity 
and flight path angle. 

The allowable error in velocity and 
flight path angle to achieve and stay 
in orbit decreases as the injection alti- 
tude decreases. A slight inclination, 
or a small deficit in velocity, will cause 
a portion of the orbit to be so low that 
the atmospheric drag will de-orbit the 
vehicle. The graph on page 30 shows 
the error in velocity and angle which 
will de-orbit a Discoverer vehicle after 
one orbit if the planned orbit were 
circular. At the altitude of 104 n.mi., 
or 120 (st.mi.,) typical of the present 


ft-diam disk in effort to get a line on Nova vehicle first-stage fabrication prob- 
lems. The disk, about twice the diam of Saturn first stage, indicates Nova en- 
gines will be attached to thrust frame similar to that used on Saturn. Right, one 
Nova vehicle concept, described in address by Wernher von Braun, Marshall 
Director, last month. The four-stage vehicle would be 400 ft high, weigh nearly 
10 million Ib. First stage would use eight F-1 engines with total thrust of 12 
million lb; second stage, eight lox-hydrogen engines with thrust of 1.6 million 
Ib; third stage, two lox-hydrogen engines; and fourth stage would be either a 
modified Saturn stage or a stage using a storable propellant. Apollo capsule sits 


atop the vehicle. 


76 Astronautics / September 1961 


Discoverer injection condition, an 
angle error of +1.1 deg or a velocity 
deficit of only 100 fps below the value 
for a circular orbit will result in fail- 
ure to complete the first orbit. 

The table on page 73 presents a 
summary of the injection angles and 
orbit eccentricities achieved with Dis- 
coverer. The orbit eccentricity is the 
ratio of the difference of the apogee 
and perigee altitudes measured from 
the center of the Earth to the sum of 
the altitudes. As can be seen from 
the table, the Agena guidance system 
is able to control the flight path angle 
at injection to a much smaller error 
than this limit. The error of 2'/, deg 
in Discoverer I resulted from a deci- 
sion to utilize only the inertial refer- 
ence package, and not the horizon 
scanner, during the thrust phase. 
Fortunately, the first Discoverer was 
launched at much higher altitude than 
now employed, so that the effect of 
this error was merely to increase the 
eccentricity to 0.059. All subsequent 
Discoverers have had the horizon 
scanner coupled into the guidance cir- 
cuit throughout the ascent phases, and 
the error in injection angle has then 
not exceeded 0.4 deg, except for Dis- 
coverer XII which did not achieve 
orbit. With this excellent perform- 
ance, injection-angle error has had 
negligible effect upon the resulting 
orbit. 


Successes and Failures 


The failure of Discoverers III and 
IV to achieve orbit is directly attribut- 
able to inadequate injection velocity. 
At that time, data available on prob- 
able deviations in a number of criti- 
cal parameters was sketchy. For ex- 
ample, the deviations in altitude per- 
formance of the engine and fuel sys- 
tem were not appreciated. The suc- 
cess of Discoverer II, which attained 
an orbit more circular than the Earth 
over which it was travelling, led natur- 
ally to a decision to base the perform- 
ance of the more heavily loaded Dis- 
coverers III and IV, at lower altitudes, 
upon the same parameters. Their 
failure to orbit resulted in a complete 


examination of component perform- ° 


ance margins and the establishment of 
suitable limits. As can be seen from 
the table, subsequent Discoverers have 
achieved orbit with an adequate mar- 
gin. 

The velocity meter used on the 
Ranger is more accurate than the one 
for Discoverer. Therefore, the ac- 
curacy of injection into the parking 
orbit with a Ranger is better than with 
a Discoverer. This additional ac- 
curacy is required because of the long 
coast time between first and second 
burn and the accuracy required for 
lunar injection. 
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Ranger Lunar Capsule 
(CONTINUED FROM PAGE 33) 


has reached the proper distance from 
the Moon, it signals for the separation 
of the landing capsule from the bus. 
This signal explodes bolts which are 
holding a Marman-type clamp between 
the retrorocket and a_bus-mounted 
support structure. 

After separation, the bus goes on to 
impact on the lunar surface at full 
velocity. Meanwhile, following sepa- 
ration, the landing capsule is spin- 
stabilized by three symmetrically 
placed torque nozzles fed by a single 
gas generator. As shown in the photo 
on page 33, this unit is mounted in the 
exit of the retrorocket nozzle, with the 
torque jets outside the periphery. 
Ignition of the retrorocket automati- 
cally jettisons the spin assembly. 

The retrorocket is being developed 
for Aeronutronic by Hercules Powder 
Co. In addition to tests by the man- 
ufacturer, its flight-acceptance testing 
includes firings in the elaborate en- 
vironmental facilities of Air Force’s 
Amold Engineering Development 
Center. These latter tests carefully 
measure the retrorocket’s performance 
and determine the effects of storage 
upon the propellant. The way in 
which the retrorocket is used places 
unusual emphasis on the reproduci- 
bility of its impulse and burning time, 
because errors in these result in in- 
creased energy of impact. 

The function of the retrorocket is to 
remove about 8800 fps of terminal 
velocity, permitting the capsule to im- 
pact with a residual velocity no greater 
than would result from a 500-ft fall on 
Earth or a 1000-ft free-fall in the 
Moon’s lesser gravity field. Upon 
burnout, and just before landing, the 
retrorocket case is also jettisoned from 
the landing sphere. 


Falls to Lunar Surface 


Braked by the retrorocket, the land- 
ing sphere falls to the lunar surface. 
It contains the impact limiter and the 
fluid-floated survival sphere with its 
all-important instrumentation. 

The thick, ball-shaped impact 
limiter is made of balsa wood, manu- 
factured from a large number of care- 
fully cut sections assembled so that 
the grain of the wood radiates out- 
ward in all directions from the hollow 
center, as shown in the photo on 
page 33. Exhaustive tests on the 
special sphere-acceleration device in 
the Environmental Test Laboratory of 
Aeronutronic, as well as a series of 
free-falls from aircraft have proved 
this omnidirectional impact absorber 
capable of dissipating more than 
20,000 Ib of kinetic energy per pound 


Whether you’re working with solar energy in space, ground test check-out equip- 

ment or anything in between...if your problem is power and the environments 

are extreme, ITT provides compact, efficient system solutions in the areas of 
CONVERSION REGULATION INVERSION CONTROL 


This total power capability has been proved in such customized designs as unique 
airborne multiple-output primary DC power supplies...complete power conver- 
sion packages for test vehicle check-out systems... aircraft missile launcher power 
supplies...and in many other weapons systems and space exploration projects. 


To accomplish these lightweight, ruggedized packages, ITT takes your power 
problem at the design inception, carefully analyzes the load and draws upon a 
vast inventory of design and application data to develop fast, economical solutions. 


ITT’s total power capability is readily available to solve your toughest power prob- 
lems. Contact your ITT Power representative or write for Data File AS-1284-1. 
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System Development « Communica- 
tions e Data Link « Countermeasures 
Actuators « Missile, Weapon and 
Space Vehicle Research « Infra- 
Red and Microwave R & D. 


ELECTRONIC COMMUNICATIONS, INC. 
St.Petersburg, Florida 


RESEARCH DIVISION 
Timonium (Baltimore), Maryland 


ADVANCED TECHNOLOGY CORPORATION (ADTEC) 
Santa Barbara, California 
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of acting material—a figure about three 
times better than that provided by 
more-conventional impact-limiting ma- 
terials and structures. The sphere 
crushes but remains integral after ab- 
sorbing the impact as shown by the 
photo on page 33. 

After the landing capsule comes to 
rest on the Moon, the survival sphere 
within it erects. As mentioned, this is 
an automatic occurrence, because the 
unit is fluid-floated within the impact 
limiter and its center of gravity is 
slightly below the center of the spher- 
ical cavity. Erection automatically 
aligns the sensitive axis of the seis- 
mometer and the directional antenna 
along the local lunar vertical. The 
entire survival sphere is caged by 
squib-actuated devices, and then ex- 
plosive penetrators pierce the impact 
limiter to allow the Moon’s vacuum to 
exhaust the flotation fluid. The seis- 
mometer is uncaged by the removal of 
the fluid, which is also used to hold 
the seismometer pendulum fixed dur- 
ing impact. 

The timing, control, and ignition 
system continues the sequence of 
events by activating the seismometer 
and telemetry units. Internal tempera- 
ture is controlled by an advanced 
form of insulation, similar to that used 
in storing liquid hydrogen, and a dis- 
tilled-water boil-off system. The pres- 
sure on the water is regulated so that it 
boils at ordinary ropm temperature 
during the lunar day. At night, the 


water keeps the temperature above 
32 F by partially freezing if necessary, 

Scientific data generated by the seis- 
mometer are relayed back to receiving 
stations on Earth by the lunar capsule’s 
telemetry system. Batteries, made es- 
pecially for Aeronutronic by Electric 
Storage Battery Co., supply the neces- 
sary power. The seismometer is 
direct-coupled to an Aeronutronic-de- 
veloped preamplifier that has excellent 
thermal-drift characteristics as well as 
high gain. The inherent noise level of 
this amplifier is about a factor of 10 
lower than any similar device known 
to have been developed previously, 
Thus, the microseismic noise levels 
that can be detected are far lower than 
those observed in the quietest locations 
on Earth. 


Data Handling and Transmission 


The output amplifier processes the 
data which cover a wide band of very 
low frequencies and amplitudes (for 
quakes, this may be 1 million or more 
times the microseismic noise level) into 
a form more suited to the telemetry 
link. The data in direct analog form 
are used to frequency-modulate the 
transmitters. The transmitter is a 
crystal-controlled, all-transistorized in- 
strument. The lunar-capsule antenna 
provides a broad radiation beam, 
which will include the Earth, even 
though the vertical axis of the antenna 
can be as much as 45 deg away from 


Lunar Capsule Weight Summary 


(1) Retrorocket Payload 


Survival sphere 


Weight (1b) 


Electronics, antenna, batteries and wiring 24.24 
Structure, insulation, devices ES. 
Water 
Seismometer (filled with 1.0 sp gr fluid) 7.80 
Flotation fluid and outer shell 5. 99 
Survival sphere total 55.06 
Impact limiter 
Cover, wood, inner shell, and rocket motor/ 
sphere and omni interconnects 34.79 
Vibration damper 0.40 
Control timer, batteries, wiring | ee 
Total retrorocket payload 91.60 
(2) Motors 
Retrorocket motor and igniter 195.9 
Spin motor, igniter and attachment (a2 
Total separated weight 289.7 
(3) Bus mounted equipment 
Altimeter and antenna 5,5 
Altimeter support and deployment 1.5 
Motor support structure and separation 3.0 
Bus interface J-Box and connectors 0.3 
Total Lunar Capsule 300.00 
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the Earth-Moon line, because of the 
choice of landing site and the oscilla- 
tions of the Moon’s orientation with 
respect to the Earth. About 1/99 watt 
of RF power is radiated toward Earth. 

For the protection of archeological 
data, as well as to minimize the danger 
of destructive infection, it is a require- 
ment on all unmanned space explora- 
tion that the complete spacecraft be 
biologically sterile. 

Later lunar landings, of course, will 
have to include bioastronautic experi- 
ments in support of eventual manned 
expeditions, which may change the 
sterilization requirements. §Mean- 
while, the technology of sterilization 
must be well developed before un- 
manned equipment can be intruded 
into the planets. The lunar missions 
are the proper starting points for the 
development of this technology. In 
this regard, Aeronutronic is pursuing 
an extensive program, seeking steriliza- 
tion techniques appropriate to the de- 
velopment and manufacture of the 
lunar capsule in particular and space- 
craft in general. 

Everything in the lunar capsule— 
the balsa wood of the impact limiter 
and even the components of batteries 
-is being made completely sterile, 
down into the interior of all solid sub- 
stances. Some items can tolerate bak- 
ing at high temperatures and long 
durations necessary to guarantee steri- 
lization; but some must be specially 
treated to obtain an internally sterile 
component, and then must be installed 
into a baked assembly, using a sterile 
glove box that contains surface-steriliz- 
ing gas. Many desirable components 
still have to be excluded from the de- 
sign, because they cannot be sterilized 
or manufactured so as to assure ste- 
rility. Developments that have aided 
in this area include the discovery of 
self-sterilizing laminating agents and 
potting compounds. Another ster- 
ilizing means, ionizing radiation, has 
not proved very attractive, because it 
damages many of the components that 
are damaged by heating. 

Component by component, assembly 
by assembly, subsystem by subsystem, 
and finally as a complete entity, the 
lunar capsule requires extraordinarily 
exhaustive proof testing. Much of 
this is accomplished in the Environ- 
mental Test Laboratories of Aeronu- 
tronic, although some important tests 
are conducted at other institutions, 
such as the Jet Propulsion Laboratory, 
the California Institute of Technology’s 
Seismological Laboratory, or Arnold 
Engineering Development Center. 

In order to be sure that the labora- 
tory tests are truly representative of 
flight conditions, the entire system in 
flight configuration is also subjected to 
simulated-lunar-landing tests. Com- 
plete capsule systems are dropped 


GOODRICH — 
HIGH VOLTAGE 
ASTRONAUTICS 


A dynamic new leader in unique areas of 
space technology is offering several pro- 
fessional opportunities through its con- 
tinuing growth. Analytical and experi- 
mental programs are underway in the 
fields of advanced electrostatic tech- 
nology, power conversion, solid-state de- 
vices, and information storage systems. 
For men with above-average scientific and 
engineering ability at all degree levels, 
GHVA confidently offers: 


A Dominant Technological Position 

© A Vigorous Scientific Climate 

© A Select Professional Staff 

®@ Expanding Research Facilities 

® Outstanding Opportunities for Personal 


Leadership 


@ Small Company Atmosphere with Strong 


Financial Support 


PHYSICISTS and ENGINEERS 


ELECTROSTATIC TECHNOLOGY AND POWER 
CONVERSION 


PHYSICIST—With experience in particle physics, 
electrostatics, and plasma technology to work on 
power supplies for exotic space weapons. 


PHYSICIST—With solid state background par- 
ticularly from point of view of dielectrics. ork 
will involve storage of energy in dielectrics by 
irradiation with electron beams. 


ADVANCED ELECTRICAL ENGINEER—To 
do work on vacuum insulated electrostatic genera- 
tors. Experience in high voltage technology would 
be helpful. 


MECHANICAL ENGINEER—With advanced 
degree and good physics background to work on 
equipment for use in high vacuum and exotic high 
energy power supplies. 


ELECTRICAL PROPULSION PROGRAM 


SENIOR PHYSICISTS— With experience in ther- 
monuclear work, particle physics, high energy 
particle beams, and high energy storage systems to 
work in the field of directed energy devices for space 
applications. 

PHYSICISTS—To do work on ion beam optical 


studies and beam neutralization phenomena. Ex- 
perience in high vacuum techniques desirable. 


PHYSICISTS—To do source evaluation work and 
to work on one physics experimentation and 
materials problems 


MATHEMATICAL PHYSICIST—With experi- 
ence in machine programming, coding, and execution 
of computer programs in the area of advanced ion 
optics. 


SOLID STATE DEVICES 


PHYSICISTS—With experience and training in 
solid state physics to investigate unique and novel 
methods of fabricating solid state devices utilizing 
high energy positive ion and electron beams. 


Please write in confidence to: Gordon R. 
Hamilton, Jr., Personnel Director, P. O. 
Box 98, Burlington, Massachusetts 


ghva f Miah Voltage Astronautics, Inc. 


Burlington, Massachusetts 
(12 Miles North of Boston) 
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from aircraft at appropriate altitudes, 
velocities, and angles of approach. 
The capsules impact upon a variety of 
terrain—ranging from dry lake beds to 
rock piles—representing some of the 
extreme but possible types of lunar 
surfaces. The photo on page 33 shows 
a capsule after drop onto a dry-lake 
bed. These tests are carefully in- 
strumented; they are considered suc- 
cessful only when the lunar-capsule 
system survives the impact and func- 
tions throughout all of its perscribed 
sequence of events. 

In short, every reasonable step is 
being taken by Aeronutronic and the 
Jet Propulsion Laboratory to assure 
that the actual lunar landings will, in 
fact, be mere repetitions of synthesized 
events already successfully demon- 
strated many times on Earth. me 


IAF Program 


(CONTINUED FROM PAGE 40) 


GENERAL PAPERS SESSION 
9:00 a.m. 
Chairman: John L. Barnes, Univ. of Cali- 
fornia, Los Angeles, Calif. 


+ Development of an Equatorial Astronautics 
Base, Glauco Partel, Societa Italiana Svilup- 
po Propulsione a Reazione, Rome, Italy. 


(Other papers to be announced) 


Potomac Ballroom 


IAF PLENARY SESSION 


Georgetown University Institute of 


9:00 a.m. Languages and Linguistics 


INSTRUMENTATION ROUNDTABLE 
2:30 p.m. 


Chairman: Henry L. Richter Jr., Electro- 
Optical Systems, Inc., Pasadena, Calif. 
+Lunar and Planetary Surface Exploration, 
Ernst Stuhlinger, George C. Marshall Space 
Flight Center, National Aeronautics and 

Space Administration, Huntsville, Ala. 
+Atmospheric Sampling Instrumentation, 
Nelson W. Spencer, Goddard Space Flight 
Center, National Aeronautics and Space 
Administration, Greenbelt, Md. 

+Active and Passive Radar Instrumentation, 
Walter E. Brown Jr., Jet Propulsion Labora- 
tory, California Institute of Technology, 
Pasadena, Calif. 

+Exo-Biological Instrumentation, George L. 
Hobby, Jet Propulsion Laboratory, Cali- 
fornia Institute of Technology, Pasadena, 
Calif. 


Persian Ballroom I 


BIOASTRONAUTICS ROUNDTABLE 
2:30 p.m. Potomac Ballroom 


Co-Chairmen: U.S. Von Euler, Karolinska 
Institutet, Stockholm, Sweden. 
Hubertus Strughold, USAF Aerospace 
Medical Center, Brooks AFB, Tex. 
+Opening Remarks—Definition of Stress, 
U. S. Von Euler, Karolinska Institutet, 
Stockholm, Sweden. 
+Homeostatis Compensatory and Failure 
Patterns in Stress, W. R. Franks, Roya 
Canadian Air Force, Toronto, Ontario, 
Canada. 
Stress Patterns in Animals and Humans 
Associated with Circadian Rhythms, Colin 8S. 


Pittendrigh, Princeton Univ., Princeton 
N.J., and Jurgen Aschoff, Max Planck In- 
stitut fur Verhaltensphysiologie, Seewiesen 
Post Starnberg, West Germany. 

+Ethnic and Somatological Aspects of Stress 
Tolerance, D. F. B. Roberts, Oxford Univ., 
Oxford, England. 

+ Motivational, Social, and Cultural Dyna- 
mics in Reactions to Stress, David McKenzie 
Rioch, and Maj. Harold L. Williams, Walter 
Reed Army Institute of Research, Washing- 
ton, D.C. 

+The Question of Criteria in Stress Measure- 
ment, Loren D. Carlson, Dept. of Physiology, 
Univ. of Kentucky Medical Center, Lexing- 
ton, Ky. 

¢+Summation and Closing Remarks, U. §. 
Von Euler, Karolinska Institutet, Stockholm, 
Sweden, and Hubertus Strughold, USAF 
Aerospace Medical Center, Brooks AFB, Tex. 
+Roundtable Discussion and Discussion 
from the Floor—Moderated by U. 8. Von 
Euler, Karolinska Institutet, Stockholm, 
Sweden. 


STRUCTURES 


2:30 p.m. Persian Ballroom II 


Chairman: Max L. Williams, California In- 
stitute of Technology, Guggenheim Aero- 
nautical Laboratory, Pasadena, Calif, 

Vice Chairman: Edwin G. Czarnecki, Boeing 
Co., Seattle, Wash. 

+A Review of Material Problems in Space, 

L. D. Jaffe and J. B. Rittenhouse, Jet Pro- 

pulsion Laboratory, California Institute of 

Technology, Pasadena, Calif. 

+A review of Unstable Behavior of Thin 

Shells, Wilhelm Thielemann, Institut Fur 

Flugzeugbau, Braunschweig, West Germany. 

+A Review of Recent Studies of Crack 

Propagation, A. J. Murphy, Coliege of Aero- 

nautics, Cranfield, England ee 


JPL Building 
$4 Million Space 
Simulation Lab 


A $4-million space-simulation laboratory is now under 
construction at NASA’s Jet Propulsion Laboratory. The 
simulator, which will be used to test spacecraft designs, is 
being built by a team of industrial firms headed by Con- 
solidated Vacuum Corp. and will be completed by the end 


of the year. 


The facility will consist of a 10,000-sq-ft building hous- 
ing offices, a control room, an equipment area, and the 
The simulator is a cylindrical tower 80 


simulator itself. 
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ft in diam. 


ft high and 27 ft in diam. Contained within the silo-like 
structure is a solar simulation unit which can be varied to 
duplicate the intensity of sunlight a spacecraft might en- 
counter as near to the sun as Venus or as far away as Mars, 
and a stainless steel vacuum chamber 47 ft high and 25 


First spacecraft scheduled for testing in the chamber is 
the Mariner A, which stands 8 ft high and measures 19 ft 
across with its solar panels extended. 
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Successfully Test Polaris 
Glass Fiber Motor Casing 


An experimental Polaris rocket motor 
featuring a one-piece glass-fiber casing 
has been successfully tested by Aero- 
jet. Three times larger than any glass 
casing ever used before, the motor was 
more than 14 ft long and 4'/, ft in 
diam. 


Rocket Robot 


This 
armed robot, latest addition to the Re- 
mote Controlled Lab at Thiokol’s Elk- 
ton (Md.) Div., has taken over many 
of the dangerous jobs at the lab. 
Traveling on a wheeled undercarriage 
and operated from a remote signal box, 


electronically controlled one- 


the robot transports experimental 
rocket motors and propellant com- 
pounds from the lab to the test area. 


COMPRESSED TIME...AND A NATION’S NEED 


The time available between alarm and decision has shrunk to 
minutes. In this compressed time, pertinent information must be 
gathered, transmitted, evaluated and displayed to the commanders 
through a variety of systems. 

Design, development and evaluation of such command and con- 
trol systems for the urgent present and the uncertain future is the 
vital function of MITRE. 

Systems such as SAGE, BMEWS, MIDAS, Strategic Air Com- 
mand and Control System, NORAD Combat Operations Center 
and others are all within the scope of MITRE’S system integra- 
tion work for the Air Force Electronic Systems Division. 

The job is challenging — the opportunity exists to break out of 
a single specialty —— the reward is not confined to the financial. 


Engineers and scientists interested in the vital field of command 
and control technology are invited to inquire about openings in: 
@ SYSTEM ANALYSIS @ OPERATIONS RESEARCH 
@ COMMUNICATIONS @ ADVANCED SYSTEM DESIGN 
@ ECONOMICS @ MATHEMATICS 
@ ECONOMETRICS @ COMPUTER TECHNOLOGY 
@ HUMAN FACTORS @ RADAR SYSTEMS AND TECHNIQUES 
@ ANTENNA DESIGN —- MICROWAVE COMPONENTS 
@ AIR TRAFFIC CONTROL SYSTEM DEVELOPMENT 


Write in confidence to: Vice President — Technical Operations, 
The Mitre Corporation, P.O. Box 208, MW 37. Bedford, Mass. 


THE 


MITRE 


CORPORATION 


All qualified applicants will receive consideration for employment 
without regard to race, creed, color or national origin 
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ROCKED 


T hrough the medium of the ARS SPACE 
FLIGHT REPORT TO THE NATION, the 
American Rocket Society, during the week 
of October 9-15, 1961, in New York Coliseum 
will present a thorough and comprehen- 
sive review of the U. S. space program. 


The SPACE FLIGHT REPORT TO THE 
NATION will present for the first time 
under one roof a complete review of the most 
significant work being done in each of the 
major technical disciplines contributing 

to current progress in rocketry, missiles, 
and space flight, and one of the largest 
and most extensive technical exhibits ever 
undertaken in these fields. 


More than 300 technical papers will detail 
major space projects; will explore problems 
that must be solved to insure further, 
faster progress; and will stimulate pene- 
trating discussions by outstanding au- 
thorities in the audience. 


There will be three floors of technical ex- 
hibits and displays by more than 350 
manufacturers, suppliers, engineering or- 
ganizations, and governmental agencies, 
disclosing latest achievements, concepts, 
products, and ideas. 
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ARS SPACE FLIGHT 
REPORT TO THE 
NATION will present: 


@ Under one roof, at one time, in one 
place the most comprehensive review of 
all the contributing technologies to the 
U. S. space effort. 


@ Forty-two specialized technical ses- 
sions, all on the same floor with comfort- 
able lounge areas and conference rooms 
for informal discussions. 


@ Three unique Space Flight Report 
panels that will explore and interpret 
space missions, space vehicles, and the 
global impact of space events for the 
technical community at large. 


@ A new exhibiting technique called 
“Exhibiting in Depth”, permitting for 
the first time 3-dimensional displays 
with the main aisle running through 
the booths instead of by them. 


@ Main exhibit organized by NASA and 
DOD, representing U. S. space capa- 
bility, which will be 88’x50’ in floor 
area and will extend 60’ into the air. 


@ The history, purposes, and plans of 
ARS graphically displayed in a booth 
designed by Raymond Loewy. 


For further information about reservations, 
program information or exhibit space 
contact 


ARS SPACE FLIGHT 
REPORT TO THE NATION 


American Rocket Society 
500 Fifth Ave., New York 36, N. Y. 
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ERO- 
DYNAMICIST 


CAREER 
APPOINTMENT 


The Applied Physics Labora- 
tory of the Johns Hopkins Uni- 
versity offers an attractive ca- 
reer appointment to aman with 
a B.S. degree in aeronautical 
engineering, an aerodynamics 
major or strong academic back- 
ground in mathematics and 
physics. In addition, the re- 
spondent will benefit from some 
practical experience in the areas 
indicated below. 


The man we seek will conduct 
wind tunnel tests—and analyze 
the data—on drag, stability, 
control, special flow character- 
istics, etc., for all of APL’s 
missile programs. He will ana- 
lyze flight test data to verify or 
revise wind tunnel on theoreti- 
cal predictions and explain flight 
anomalies that may be attribut- 
able to aerodynamic behavior. 
He will also assist in planning 
flights of test vehicles to secure 
aerodynamic information and 
check out air frames. 


Our modern laboratory is lo- 
cated an equal distance be- 
tween Washington, D.C. and 
ai Baltimore—offering you a 
; choice of country, suburban or 
city living. 


All qualified applicants will re- 
ceive consideration for employ- 
ment without regard to race, 
creed, color or national origin. 


For additional details about this 
position or other interesting career 
opportunities, direct your inquiry to: 
Professional Staff Appointments 


The Applied Physics Laboratory 
The Johns Hopkins University 


8609 Georgia Avenue, Silver Spring, Md. 
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SOUNDCRAFT © 


INSTRUMENTATION 
TAPE 


IN SPACE 
AND UNDERSEA 
WITH TIROS Il 

AND 
THE SEA DRAGON 


The Tape Selected For The Video System In Tiros II! 
Orbiting with the Tiros Weather Satellite IT, devel- 
oped by RCA for the National Aeronautics and Space 
Administration, Soundcraft Tape is used exclusively 
in both narrow and wide angle video tape systems. 
Only 3% of an inch wide, this tape records longitudi- 
nally rather than across the width and is the result 
of over five years of research. 


On The Nuclear Submarine, Sea Dragon, the first 
undersea magnetic video tape recorders also de- 
veloped by RCA, used Soundcraft instrumentation 
tapes to record and store data on under-ice char- 
acteristics of icebergs and ice flows. As man probes 
deeper and deeper into the unknown, science con- 
tinues to call on the world’s most modern tape 
plant for reliable magnetic tapes. 


Discover how Soundcraft’s consistent record of ac- 
complishment can be extended and applied to fulfill 
your recording needs. Write for complete literature. 


* Soundcraft Instrumentation Tape is, of course, used in Tiros I, 
and in other vital space projects as well. 


REEVES 


SOUNDCRAFT 


CORP. 


Main Office: Great Pasture Road, Danbury, Connecticut 
New York: 10 East 52nd St. =» Chicago: 28 East Jackson Blvd. 
Los Angeles: 342 North '.aBrea # Toronto: 700 Weston Road 
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iS INI 
ST. LOUIS 


Years before McDonnell space vehicles 
reach the testing centers at Canaveral, designs 
are subjected to the severe environment exist- 
ing at the edge of space. At McDonnell’s 
Hypervelocity Impulse Tunnel in St. Louis 
the combined electrical impulse power of the 
Grand Coulee and Hoover Dams breaks loose 
into the confines of a cannon-like funnel and 
subjects space vehicle models to simulated 
altitudes up to 60 miles, 14,000° temperatures 
and speeds up to Mach 27. 


From McDonnell’s unduplicated aerospace 
facilities such as this come innovations; inno- 
vations that have characterized McDonnell 


All qualified applicants will re- 
ceive consideration for employ- 
ment without regard to race, 
creed, color or national origin. 


products through the Company’s 22-year 
history; innovations from forward thinking 
engineers who seek to shape air and space 
vehicles to their unique environmental 
requirements, rather than stretch existing 
designs to achieve marginal success. In the 
development of these advanced air and space 
systems, opportunities exist for advanced 
degree physicists, scientists and electroni¢ 
management engineers anxious to take broad 
strides across the “State of the Art” barrier. 
Your inquiry is invited. 


Write R. F. Kaletta, Engineering Employment 
McDonnell Aircraft, St. Louis, Mo 


Phantom IT and F-101 Fighter and Attack Aircraft ¢ 


Project Mercury and Aeroballistic Spacecraft « Talos Airframes and Propulsion Systems e. 
Quail Decoy Missiles *« Rotorcraft « Electronics Systems * Automation 


MCDONNELL AIRCRAFT «+ ST.LOUIS 
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